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FOREWORD

This report deals with the prediction of training requirements for
th.e effective and efficient manning of new weapon systems. The sys-
tematic procedures described are for use during weapon system
research, development, and test. These procedures are functional
and should be cajlable of being incorporated into a variety of Army
organizational structures. This report, therefore, does not treat
strictly organizational matters.

It is believed that publication of the report is timely. The
procedures outlined should be of value to the U.S. Continental Army
Command, and perhaps even more so to the U.S. Army Materiel
Command and the U.S. Army Combat Developments Command, in their
deliberation on how to improve the process whereby machine and man
are welded into an efficient unit.

il'
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MILITARY PROBLEM

The technology of weapon systems is outstripping the capability of our society
to supply competently trained manpower to operate, maintain, and support new systems
as they enter the inventory. This problem has been a matter of major and continuing
concern to the Army in its effort to make the most effective use of the man-and-machine
resources available to it.

At a HumnRO Planning Conference on 16 November 1960, Major General Win. W. Dick,
then Deputy Chief of Research and Development, stated,

We have come to realize that we need to know much more about the most important
ingredient in the weapons system-Maan. ' he weapons are useless unless we can

motivate and train the man to use them su-cessfully .... Intensify your research
in 'he area of projecting training requirements of new weapons systems and reduce
it to a methodology with wide application-our research must assure the availa-
bility of well-trained men to operate the weapon when it rolls off the assembly line.

General Herbert B. Powell, Commanding General, U.S. Continental Army Command,
wrote an article entitled "The Soldier First in Research and Development," in the June
1961 issue of the Army Information Digest. Emphasizing that human factors must be
given primary attention at all stages in developing a weapon system, he pointed out that

User considerations in the development of military hardware are almost entirely
human factors considerations. When a new piece of equipment is developed,

the user is concerned with how many men will be needed to operate it, how much
training will be required, how difficult it will be to maintain, how easily men can
transport it, how quickly it can be put into or taken out of action, how effectively
men can employ it.

PURPOSE OF THE RESEARCH

The purpose of this study was to develop systematic procedures for use during
weapon system research, development, and test to assure the effective and economical
production of human factors data and products required for concurrent building of a Per-
sonnel Support System. The Personnel Support System (PSS) is conceived to include not
only the trained personnel to operate and maintain a weapon system but also the basic
job data, equipment, and materials required to select and train those people.

This study is concerned only with training requirements and training support mate-
rials.1 The data and products are required by personnel and training agencies for the

tIn reporting these investigations, it has been necessary to mention activities within the

domain of other human factors agenies, as delineated in AR 70-8, Research and Development,
Human Factors Research. This has been don, not with the intention of suggesting any change in
their direction or their responsibilities, but to note that thu3 a-.t',ities of human factors engineer-
ing will affect the nature of the basic data, the task and skill analysis which is an important
facet of this study. These data in turn may prove useful as sources for the fulfillment of the
classification function of The Adjutant General's Office.



timely preparation of training support materials, equipment, and programs. The require-
ment is to train personnel, in a minimum time tallowing pioduction of a new weapon sys-

tem, to be capable of performing efficiently the command, operational, maintenance, and
support activities imposed by the new system design and the plans and procedures pro-
jected for its tactical use.

RESEARCH PROCEDURE AND RESULTS

1. The current "state of ihe art" 'or predicting personnel and training require-

ments during weapon system design and development was determined by a review of
the literature.

2. Army, Navy, and Air Force agencies were visited in order to examine their efforts
in this area to determine the extent to which available methods are being applied.

3. Current Army practices were further analyzed and compared with the current
state of the art for predicting human factors training requirements.

4. Methods were designed to achieve the following purposes:
a. Influence materiel design to bring its requirements for personnel training

Within the capabilities of the typical soldier. These capabilities are in terms of the basic
knowledge, skills, and intelligence he brings with him into the Army and the average

length of time he can be expected to remain in the service.
b. Minimize the length of time between production of materiel and achievement

of the maximum designed operational capability of the man-weapon system. This is to be
accomplished through optimally effective selection, assignment, and training based upon

early and accurate prediction of the personnel and training requirements imposed by the
weapon system design.

5. For readers interested in a more detailed description of some implementation
problems than was considered appropriate for the body of this report, two supplementary
sections have been appended. Appendix A presents a structure for providing human fac-
tors inputs to weapon system development, discusses the Personnel Support System end
products desired, and delineates some problems concerning where and by whom these end
products should be developed. Appendix B, 'The Persornnel Support System Research and
Development Process in Operation," presents in chronological order human factors inputs
to a weapon system, from the Qualitative Materiel Development Objective stage through
all stages of deveiopment until the system is in operational use.

CONCLUSIONS

1. The Army has made a substantial beginning in the human factors area of weapon
system development over the past several years. However, the effort in this area needs
more emphasis and greater scope in order to achieve the required results. (pp. 10-14)
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2. The Army has tended to limit its human factois efforts in the direct support of
training to obtaining Task and Skill Analyses (T&SA) and Training Aids Feasibility

Studies (TAFS) for individually specified weapon systems, rather than directing that such

efforts be routine for all weapon systems. (pp. 15-17)
3. The products, T&SA and TAFS, have not measured up to the state of the art in

terms of completeness and capacity to independently support other personnel and training
processes and products. (pp. 11-14) Two of the reasons why these products have fallen

short are:
a. Human factors products have been negotiated and contracted for separately

from the contract for the materiel rather than as an integral part of, and a determining
factor in, the letting of the materiel contract. (pp. 17-19)

b. Specifications for human factors products have been inadequate in cleariy
delineating the infcrmation that is required, how it is to be developed, and in what form

it is to be produced. (pp. 19-20)

4. The Army has not assigned personnel-or been successful generally in having

contractors assign personnel-with appropriate human factors professional skills, who are
capable of directing the production of data that are basic to the development of training
and training support materials. (pp. 20-24)

5. The utility of detailed task analysis data in supporting the accomplishment of
the training mission has not been fully recoanized. (pp. 29-30)

6. The Army training complex has insufficient operational capability for accomplish-

ing the detailed task analyses required to modify ongoing training programs on a broad
scale. (p. 37)

7. The T&SA supplies essentially the same Information as the Maintenance Alloca-
tion Charts (MAC's) and serves many other vital purposes which the MAC's do not. Great

economy could be realized if the objectives of the MAC program were integrated with those

of the T&SA program. (pp. 25-28)
8. The Army can achieve marked improvement in the prediction of training require-

ments, the development of ;c...:. support materials, and the efficient preparation ot
manpower on schedule with new weapon system production by adopting and implementing

the concept of a Personnel Support System development process, to be conducted concur-
rently and integrated with the research and development of its related weapon. (pp. 31-44)

IMPLICATIONS AND RECOMMENDATIONS

The concept of a Personnel Support System created by a research and development
process concurrent with and equal in importance to that for the weapon it is designed
to support is only sketched in this report. Similarly, the procedures to be followed In
such a development are stated in broad terms and do not specifically cover the multi-
tude of incidental and unforeseeable problems that will continually rise to impede suc-

cessful implementation.
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Consequently, the first consideration, subsequent to a decision to take positive
action on the recommendations listed below, will be to obtain appropriately qualified per-
sonnel who, while working within the frame work of this general concept, are capable of

refining the procedures and resolving the problems incident thereto.
In effect, what this report does is to describe a basic methodology. To refine this

"-,h'dology "- one 2"f wide application, as requested by General Dick, it is proposed that

it be submitted to an "operational test." To do this, it is recommended that the following
plan of implementation be approved and direr-ted by appropriate Army authority.

1. Operational Test
a. Direct that an "operational test" of the Personnel Support System concept be

made for one weapon system about to enter research and development. The test would be

conducted under conditions that would exist if the implementation recommendations (under
2. below) were put into effect for all weapcn systems. (pp. 31-40)

b. Select and assign personnel with appropriate professional human factors
4ualifications to key positions in the responsible development, training, and supporting
agencies. (pp. 45-46 =nd 47)

(1) Require the key human factors personnel, as representatives of their
agencies, to develop, coordinate, and obtain approval of procedures for

conducting interdependent functions and preparing the products of their
agencies in "one" place on a continuing basis. This will take place con-

currently and integrally with the production by the contractor of task
analysis data during materiel R&D and after materiel production as

required. (pp. 31-40)
(2) Require these personnel to develop specifications to cover contractor

human factors activities 1, the aeneration of personnel and training
requirements data. These .ý-ecifications would be correlated with and
in support of a human factors clause for inclusion in the basic weapon
system -ontract. (pp. 19-20)

(3) Require these personnel to evaluate and make recommendations regard-
, - the capability of bidding contractors to fulfill the requirements of the

humrn fic'nrs clau-'- an] P-pcifications. tp. 45)
c. After the decision to implement, take action immediately within the Civil

Schooling Program to inaugurate a curriculum of graduate study in human factors. This
would prepare the required number of career officer personnel for assignment to subor-

dinate positions in later phases of the operational test. Key professional personnel will
be working at all levels to test and refine the procedures, but, without doubt, the volume

of work will require additional trained help by the time these officers can be trained.
(pp. 46-47)

d. As the results of the operational test make it possible to predict a favorable

outcome (the total test will require years if begun at the QMDO stage), take action to
direct that the Personnel Support System Research and Development Process concept be

Viii



applied to the development of all future weapon systems. This would involve the imple-
mentation of the following additional recorrnmendations on an Army-wide basis.

2. Implementation
a. Amend AR 705-5, Research and Development ol Materiel, and all appropriate

subordinate documentation in such a manner as to assure the development of Personnel
Support System materials, following a specified methodology (pp. 31-40), for all systems
concurrently and integrally with materiel research and developiient. (pp. 15-17) All sys-
tems are included in this recommendation because insofar as a new system requires

materiel research and development (i.e., does not adopt current major subsystems), its

personnel support system should be systematically developed. (pp. 42.43)
b. Amend R&D Directive 70-21, Human Factors Engineering in Devclopment

Contracts, to require inclusion of a clause in each basic or prime weapon system cor.!Imt
requiring the development of human factors basic data and certain products based upon
them, concurrent to and integrated with materiel R&D but according to separate speci-

fications. Capability to fulfill the requirements of this clause should be one of the critical
factors in letting the contract. (pp. 17-19, p. 42; Appendix C)

c. Develop specifications of a nature applicable to weapon systems in general,

for use by all Army developing agencies to define procedures to be followed and materials
to be produced in support of the human factors clause of the basic contract. These speci-
fications should be applfed also to systems developed in Army arsenals. (pp. 19-20)

d. Take steps to provide a supply of officers and/or civilians appropriately
trained in human factors technology, for assignments as required to positions in develop-

ing and support agencies and in combat arms and technical services schools. (pp. 45-47)
e. Take steps to increase the supply of specially qualified officers by expand-

ing the Civil Schooling Program of graduate study (MA-PhD) to produce officers of the
required human factors competence, and provide for maximum use of their training and
experience through continuing and consistent assignment. (pp. 23-25)

f. Combine the objectives of the Maintenance Allocation Chart program with
those of the Task and Skil! Analysis program. (pp. 25-28)
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Chepter I

THE RESEARCH PROIKEM

INTRODUCTION

Since World War II, the military services have found that, increas-
ingly, weapon system technology has been outstripping the services'
ability to supply competently trained manpower to operate, maintain,
and support new systems at the time they come into the inventory. At
the least, this imbalance has resulted in extended lag times between the
receipt of production hardware and the achievement of the operational
capability designed into the system. At the worst, it has caused exten-
sive modification of materiel, less than optimum system performance.
or even failure to achieve acceptable system objectives. The sheer
pace of scientific and technological advance has been such that some
systems had to be cancelled while still under development, and others
were approaching obsolescence before personnel became capable of
operating and maintaining them at full potential.

It would be a gross overstatement to claim that all problems
would have been solved had more attention been given, during system
development, to predicting and evaluating information concerning
the human tasks arising from the interactions of man and machine.
Experience has shown, however, that some of the most difficult and
time-consuming training problems have grown out of tasks of such a
nature that the difficulty could clearly have been predicted, by profes-
sionally trained personnel, from early design drawings of the hardware.

OBJECTIVES OF THE RESEARCH

Great effort and expense are being expended on present and fulture
Army weapons to ensure that the most advanced, pertinent technolog-
ical state of the art is applied during the period of their design and
development. Since similar emphasis has not been given to anticipation
techniques relating to the human side of the. system, this research was
undertaken with the following objectives:

(1) To assess the current state of the art in the human factors
area of integrated man-weapons systems development.

(2) To determine the extent of its application to Army systems.
(3) To develop means by which more effective application

could be made.



The over-all goal sought by such application is twofold:
(1) To produce weapon systems whose personnel demands are

designed to be within the range of adaptability of the typi-
cal soldier-the basic knowledge, skills, and intelligence
he brings with him into the Army, and the average length
of time he can be expected to remain in the service.

(2) To minimize the length of time between production and the
achievement of the maximum designed operational capa-
bility of the man-weapon system. This would be accom-
plished through optimally effective selection, assignment,
and training based upon an early and accurate prediction
of the personnel and training requirements imposed by the
design of the weapon system.

BACKGROUND AND IMPORTANCE OF THE PROBLEM

A cursory review of the weapons man has fashioned and used over
the ages reveals a startling reduction in their useful lifetime as instru-
ments of war. The club, axe, spear, and bow and arrow were useful
for periods of hundreds to thousands of years. In the present century,
classes of weapons and even individual models have remained in the
active inventory for decades. Today, the weapon system that is not obso-
lete or at least obsolescent within 10 years is probably the exception.

The simplicity and long life of earlier weapons and tools have
permitted the growth of what might be termed an unacknowledged
assumption-that the human being is completely adaptable. An attitude
that has existed in the past is indicated by the statement: Give me the
men and I will find and develop the skills I need. Franklin V. Taylor
has stated' that engineering psychology (human engineering) began
with the intellectual discovery that the human is not a perfectly adapt-
able organism.

Of course, no one has ever formally asserted that man could adapt
to anything-we have just acted as if this were so. For instance, it
was taken for granted that anyone could use the lowly shovel effectively.
Then, before the turn of the century Frederick W. Taylor, sometimes
called the father of scientific management, showed that by adjusting
the size of the shovel to the material to be moved and to the individual,
the output could be increased many fold.

This illustrates a point frequently overlooked: The final criterion
of total system effectiveness is the combined performance of all the
components in the system, whether they be electronic, mechanical, or
human. It also illustrates that, in even the simplest man-machine
relationship, strong interactions may exist between psychophysiologi-
cal and engineering variables. A finding that has been corroborated
repeatedly in that proper attention to engineering variables reduces

'Franklin V. Taylor, Fou& Basic Iden is Emiaeeulng Puychology,' Aneo. Psychodl/it,
vol. 15, no. 10, October 1960, p. 643.

4



the dependence of system performance upon selection and training of
personnel. Thus, by a variation in engineering (while keeping the
mission and capability of the equipment constant), the complexity of
the human task has often been reduced to the point where it could be
learned by almost anyone from one demonstration.1

Any reduction in training time results in the extension of time
that can be devoted to productive work. This point becomes more sig-
nificant when viewed in the context of the current economic, technologi-
cal, and international political situation. The posture of deterrence
assumed by the United States demands the maintenance 'in bein of
ready forces competent in the use of the most modern weapons. The
increasing complexity of these weapons has tended toward lengthening
the training required for personnel to attain competence.

At the same time, the length of service of military persmmel
continues to be subject to those controls acceptable by our citizenry
during peacetime. The percentage of personnel who reenlist or
choose military careers is far from being as high as would be desired.
Deferment policies, direct commissions, and enlistments in other serv-
ices have a significant effect in lowering the qualitative level of per-
sonnel recruited or inducted by the Army. The percentages of recruits
(RA) and inductees (US) entering the Army during the first eight months
of calendar year 1960 are pre, onted in Table I according to Armed
Forces Qualification Tf•. (Ar-X) scores.t

T"e I

Pece.,"e of Army intret.
by A£OT Cet",ory Dwring First light Mons of 19W0

Catewy Per Cost
of TOWa

III7I77 I II IV EAII

Recosft* IRA) 8 27 65 - 56
"Iisctues (US) 7 20 36 37 44

TOW a 24 52 16 100

*AMQ Sam Categoty: 1, 93-100 Peteatile; U. " Pefestie; ID, 31-64 Pe-
Motile; IV, 10-30 Peemtils supplemmeted by two omroe spituds& am corn of 90

or high".

In the light of these data, it would appear that the Army will have
little choice but to staff weapon systems with a goodly percentage of
men who are at or near the average in ability level, when and if the
Category I and II men are distributed equitably among all its complex
weapon systems. Further, the Army can expect not to retain the major-
ity of these personnel for more than one enlistment or induction period.

1114M., pp. 4445.
'Figase iggied five ONu&Iy upmurt Qwmkwwwo Dru&&des~ of MM~uy R...asiou ad

R.oj.cm, no. Ad* Gomurrs Office Depawstof .6.o Amy, VWmAiso i Ja.ay-

Asu 90
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And finally, in view of a ceiling on numbers, funds, and facilities, in
order to have operational man-weapon systems in being the Army must
develop performance capability in these soldiers in some minimal
portion of the period of time they can be retained.

This throws the challenge to at least two groups of people: (1) the
design engineers and human factors engineers, to combine their talents
in reducing the complexity of the human tasks required by the systems
they design; (2) the human factors specialists--that is, personnel and
training specialists-to develop more effective job aids and increase
the efficiency of training through more appropriate devices and methods
directly related to the behavioral skills demanded by the job.

To further emphasize that the importance of human elements of
a man-weapon system rivals that of hardware elements, the findings
of a Stanford Research Institute study1 on Air Force missile systems
should be noted. This study on human engineering testing and malfunc-
tion data collection showed that, during launch and prelaunch activities
for nine missile systems, human-initiated equipment failures accounted
for 20 to 52 per cent of the total equipment failures. Of the total 3,829
usable failure reports, 29 per cent were classified as reports of human-
initiated failures, and of 419 hold reports, 20 per cent were classified
as reports of human-initiated holds.

It may be said that these results were due in part to the fact that
this study covered systems undergoing test rather than those proven
and in the hands of troops; on the other hand, it is also true that the
level of training and experience of contractor or military personnel
conducting such tests undoubtedly exceeds that anticipated for personnel
to be assigned ultimately to the systems. Irrespective of the influence,
in either direction, of these factors, this study points up the importance
of establishing systematic procedures for identifying, analyzing, and
thoroughly testing the human tasks that are such an integral part of
over-all system design and development.

'Albert Sopero e sL., Hum, Eaginotring Testing and •e•[lfassio Dom Coelaeon in
Weapon System Test Programs, Stinford Research Isattute, for Wriht Air Developmset Di4si",
Air Research sad Devtoepmut Comansd, 1bi.t-Pano.eu Air Force Bss, Ohio, WAMl TedwicaI
&eport 60.36, Febousry 1960.



Ck.pler 2

THE STATE OF THE AR~t

PAST RESEARCH

Extensive research has been conducted during the past decade to
develop methods for predicting personnel requirements for weapon
systems during their development. 2 Most of the research was done by
or for the military services. The greater portion of the application of
these methods has been accomplished in service and by contract on
Air Force systems. The extent of this work, beginning about 1955, was
largely responsible for the development of a human factors capability
in principal defense contractor establishments. Before that time, this
capability was practically negligible; such attention as was given to the
human factors area was limited to human engineering experimentation
largely concerned with such factors as the -dynamics of the design of
controls and displays, and their location in the work place.

The current state of the art is due to contributions of innumerable
individuals, representing many disciplines, conducting research and/or
making applications in the military services, in nonprofit institutions,
and in contractor plants. The areas of specialization of those individ-
uals were mainly in industrial and engineering psychology, operations
analysis, training, and design and industrial engineering.

The state of the art was summarized in one comprehensive survey
of the literature on Air Force research:3

(1) Fairly thorough procedures exist for describing positions
and tasks. These or some variations have been used
extensively. There Is no evidence of any systematic
attempts to evaluate the procedures to identify their strong
and weak points.

(2) A procedure exists for combining tasks into positions.
Again, there is no evidence of systematic evaluation of
the method.

'The Army, Navy, and Air Force agencies visited during the process of collettiag isleo.m-
tiou for this report wre listed is Appendix 9.

'See Appendix E for a review of that pat of this res."r havieg the meet sipflc4sce for

i*ob D. Foils, Jr., Jeam D. Fair.., sad d.s M. Joses, A Smvwy of As Literature os
"?rad•ctoax of Air Force Pereesail Reqraeates, Americam lstitate for Research, fer Bdhosvld
Sciences Laboratory, Aerospace Medical Divisios, Wriht Air De•,lopmt Divisles, Air Rearch
wid Developout Comasd, Wright-Pattears Air Force Base, Ohio, WADP TWch•l Report
60-49, July l'Z0.



(3) Estimating manpower requirements has often been done,
but no formal evaluation has been made of its effectiveness.

(4) Determining skill requirements has received little method-
ological attention. In most cases attention has been
directed at the rating of skill levels rather than at any
objective determination of requirements.

The lack of systematic evaluations in these areas, as reported in
this survey, does not reflect discredit upon either the analytic proce-
dures or the information they produce. The fact that efforts to predict
personnel requirements are being expanded on an ever-increasing
scale indicates that the products are meeting a recognized need to an
acceptable degree. The procedure, scarcely seven years old, has not
been used long enough to have achieved its potential effectiveness, to
have been practiced frequently enough by competent investigators, or
to have been sufficiently tested.

One test report,1 not included Li the above survey, deals with human
factors aspects of test objectives for the IM-99A BOMARC system.
An objective of this study, of main interest here, was to determine the
compatibility of the officially published specialty descriptions with the
position requirements for maintenance and operations projected, in
part, by an initial Qualitative Personnel Requirements Information
(QPRI) study dated September 1956.2 Of 13 Air Force Specialty Codes
(AFSC's) contained in the Organizational Table for the system, the
study recommended that only two be changed.

An additional finding of interest was that contractor estimates of
the numbers arnd skill levels of personnel requirements, and of the
time required for recycling operations, had been exceedingly optimis-
tic. This was attributed largely to failure of test equipment to perform
as reliably and automnatically as had been expected. Considerable prog-
ress has been made in these areas since 1956. when these predictions
were made. It would be well, however, in future studies to seek a
balance for the contractors' natural tendency toward optimism by a
leavening of military wisdom and experience.

THE CURRENT CONCEPT

The state of the Y;uzxan factors analytic and training art encompasses
the following concept: The proficient performance of the human tasks
required by an operable system provides the ultimate criterion for all
training and the job aids, technical manuals, training aids and dev s.
and other materials and procedures desijged to suo it. Tasks come

'Williom E. Pow., Wedioll M. Cadier, *d Maj. Deiel Sknders, Jr., USAF, aman Fc•wa..
in the meiatexme~e and Operation of the IN-"A Syasem, APGC-TNh.60. IO. Factor, Offie,
Air Proving Ground Center, Air Resereb mWd OevelopMent CommAnd, Eglin Air Force Oane, Fle.,
April 1960 (ASTlA Docmmat No. AD 285 968).

'Richard W. Highland, Iatsidf (laliwie Permsoel Requiemaos Iaelie.or fiWope"
Sytem 200A (IN-99 BOMARC) (U), Dewel~m, t R1" AFPThC4N--&116, Air Force Pw" !l
and TrainiagtnS R cb Center, Lacklead Air Fetes Baa"' Texa., Upaniket no VM0FOWW11L.



into being when hardware is designed. They become as important as
reliable functioning of the hardware when their complexity or difficulty,
in combination with related or concurrent tasks, threatens to challenge
the capabilities of the "average" person available for assignment.

The characteristics of tasks can be predicted, by means of exist-
ing tested methods of analysis, from early design drawings, block
diagrams, mockups, and similar items, and from consultation with
personnel responsible for originating these items. The difficulty of the
tasks can be tested in simulated situations in early stages of design
and development, just as hardware is tested at these times.

When the level of task difficulty appears to be excessive, it may
be reduced by one or more of the following: job aids to reduce the
complexity of interpretation or decision making; training aids to
improve acquisition of knowledge and motor skills; alternate engineer-
ing design solutions that will not compromise system objectives. Thus,
a difficult task with complex knowledge and skill requirements may be
deliberately "engineered" within limits by adoption of known types of
job aids and/or changes in engineering variables. The prediction of the
nature of the techniques eventually to be used results from successive
approximations, just as with the materiel itself.

Concurrent consideration of hardware and human factors, seeking
optimal compromise between the two before production design is fro-
zen, is essential for achieving total system operational capability in a
minimum of time from design conception. As both design and task
information become more stable, tests of a more realistic type can be
conducted to check the adequacy of the task information for its various
purposes and to assure that difficulty levels are within required limits.

The equipment design and the job aids that will be used determine
what the task will be. Therefore, the nature of the aids must be fully
described and clearly conveyed in the body of human factors data.
These data should not be restricted to the verbal and numerical; appro-
priate graphics can be used to clarify the presentation of information
in such areas as nomenclature, identification, and location.

The human factors data, taken collectively for a total weapon
system, can be sufficiently complete to stand alone in supplying infor-
mation for determining training objectives, methods, aids, devices,
and proficiency measures. Extracting information specific to the
different needs of different agencies then becomes, essentially, a
sorting, editing, and publishing activity. Thus, from a single source,
verified human factors data maintained currently with materiel devel-
opment may be obtained to serve the specialized nemds of Army
personnel, training, and using agencies.

The degree to which this concept can be achieved in a timely and
economical manner depends, of course, upon the competence of analysts
and their supervisors. Even more important, however, are the win
coopration of desig efsneori and human factoPs' thn e
comp backg of contractor 10, uoea.,
ous sueprt !ZteDpartmnent of Army and itavs oping an

trainig a~to.



THE STATE OF THE ART AS REFLECTED
IN AIR -ORCE AND NAVY POLICY

The Air Force and, to a lesser degree, the Navy currently require
the integrated development of personnel information, and both have
sizable in-service forces working on the problem.

The Air Force has the requirement included in Air Force Regu-
lation 5-47.1 It adds a clause to basic contracts requiring Air Force
contractors to develop the personnel information as an integral part
of system development. Contractor capability in this area is a criti-
cal factor in letting the total system contract. Specifications for each
weapon system, based on a standard specification when appropriate,
are prepared to support the contract clause.

The Air Force has professionally trained personnel, both civilian
and military, to conduct its programs for developing personnel data.
Such personnel are assigned to each System Program Office (SPO) and
are responsible for directing, monitoring, and evaluating the contrac-
tor's human factors efforts in complying with the specifications.

Air Force officers with appropriate qualifications may apply
through the U.S. Air Force Institute of Technology for graduate train-
ing in selectee universities. The training is designed to prepare them
for hur- an f-ictors assignments, and graduates are awarded Master of
Science eg,-e,?es. in this manner the Air Force provides profession-
ally trained in-service personnel to augment its civilian professionals
assigned to work in this area.

The collective term, "personnel subsystem," is used by the Air
Force to indicate the body of trained military personnel required to
operate, maintain, and control the integrated hardware subsystems of
the weapon system. The subsystem includes many processes and
products essential for personnel and hardware integration, among
which are Human Engineering, Qualitative Personnel Requirements
Information, Technical Manuals, Training and Training Equipment, and
a Unit Proficiency System. All of these are covered in an integrated
testing program to assure the adequacy and accuracy of all processes
and products subsumed under the personnel subsystem.' Air Force
Ballistic Missile Division (AFBMD) Exhibit 60-1 requires that

"... -aCmbed= awl Palo the *me role In tetbq the pmWX==l
06,bslm as e.tshis . ia etbe, ashystem mI the amp ew q
ad/w gpo system."

The Navy also has v active human factors program under the
Personnel Research Division of the Bureau of Naval Personnel. There
are representatives in most of the principal systems development

'Dsepnmest of The Air Pus., Wreep... syt D.".ue, Ak Fac R40W • .4.
29 Asp.. 1956 (oupurswde by AF Aeg 875.4, Syeftw a Nm~pasua Syoee. Doewwwaes.
20 Jams. 1%1).

"Air Research #ad Develop.men Caatmea Ptseamd Smabyeeem T~eaqd fiw &.W..d
Missile and Syste, AFIMO Exsdibt 40-1, Ak F•oe &His Mssile OXlimla@, A19C,
Apil 1960.



bureaus and project offices, who are concerned with developing
personnel requirements information as an integral part of hardware
development. This Division both conducts and supports applied research
in obtaining data for new weapon systems such as manpower require-
ments, duty specifications, and training information for officer and
enlisted personnel.

T'e Navy Bureau of Ordnance endorses the integrated development
of tra' ing and job performance supports as indicated by instructions
for the preparation of ordnance publications.t

It is important to mllitary effectivem" that Burau of Okdinaw techlical
publications be as cmfoijly 'englasered' as are elated aschuisme....
This publication advocates a new coamcW with, respect to timely pmrpaa-
tion of technical manuals, that work as them be stated during th Initial
stage of equipment developmset and be continued through evelustdl and
design stabilizatioa with necessary cheaps to the umhasipt and art
being made as the design Is modified. In this way, the manual will be com-
pleted at the same time as the equipment, and will be available for us
when needed.

ARMY EXPERIENCE

The Army has made substantial progress in recent years in the
human factors area of weapon system development. The field of human
engineering, in particular, has been given considerable emphasis. The
Ordnance Human Engineering Laboratory, for example, has been
making most effective contributions since it was established in 1952.
Emphasis on human factors engineering in the preparation of Military
Characteristics is currently being increased by the U.S. Continental
Army Command, as indicated in USCONARC Pamphlet No. 705-1.1

Human factors engineering does not, however, include the compila-
tion and analysis of all the human tasks involved in operating, main-
taining, and supporting a new system. Nor does it include the process
of combining tasks into jobs so that their combined impact upon the
Army personnel and training organizations can be predicted accurately
at the time this information is required for effective planning.

In the course of weapon system development, certain agencies are
responsible for considering manpower and training requirements. For
some years many officials in the highest Army circles have been con-
cerned with doing this earlier and more accurately, to shorten the lag
time between production of weapons and their operational deployment.
This concern, coupled with a knowledge of progress the Air Force has
made in its QPRI program, led to a beginning by the Army in obtaining
personnel information while new systems are being developed.

In the initial efforts to obtain this type of information under con-
tract, agencies within the Army Ordnance Missile Command develope

'Navy Burena of Ordnance, Pepeativa of OrNeae Pobikedoe , 3d fey. OP-i, N"ry
Bereas of Odnance (now Bureau of Nav•l Wepon), Ws•shlse, D.C., July 196l, Pp. v-vU.

'See USCONARC Pamphlet N.•, 705-1, 1 June 1961.
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specifications for Task and Skill Analyses (T&SA) based upon an Air
Force version used in the 1957-58 period. These were used or are
being used to obtain the specified information for the JUPITER and
PERSHING systems by contract. Task and skill analyses were obtained
on the NIKE ZEUS system t on the basis of a further modification of
the specifications and an evaluation of sample products by various
using and advisory agencies.' A Training Aids Feasibility Study
(TAFS) was also conducted for this system to provide task-by-task
recommendations for aids and devices to promote. acquisition of
required skills.

These efforts have been in the right direction and have resulted in
substantial achievement. As would be expected, however, a review of
the results obtained under the first contracts suggests that considerable
improvement is still possible.

The characteristics and usefulness of the products obtained by
contract varied considerably between the JUPITER and PERSHING
systems even though essentially the same specifications were used
for both. This variation is believed to be due primarily to differences
in capability of contractor personnel. An added factor is insufficient
knowledge on the part of Army monitoring personnel as to the character
of products that can be obtained by human factors specialists.

It cannot really be said that these task and skill analysis products
do not meet the specifications. The products closely resemble thnse
obtained by the Air Force during the 1957-58 time period. They do
include descriptions of jobs that would be required. Usually, however,
the descriptions are stated in such general terms that they might apply
to any system. For example, a guidance system arriving at a receiving
agency would be "uncrated, inspected for damage, teste!d, and sent to
storage"; the important, system-specific characteristics of the = are
not given. With such sterile task descriptions repeated for each addi-
tional subsystem, the resulting report assumes the proportions of a
tome, which appears to have value but in fact does not. This type of
information has little usefulness for training purposes. It would seem
that such a result could be prevented by providing more precise speci-
fications, a clearer understanding of the nature of the information
desired, and closer monitoring to assure that it is being generated.

Progress is already being made along these lines, and the detailed
MTR Task and Skill Analysis3 developed on the NIKE ZEUS system
shows great improvement. In the essential sequence of events from
beginning to successful accomplishment of a task, this analysis first
identifies the task, the cue indicating the conditions necessitating ita
performance, the accessory equipment needed, and prerequisite tasks.
This is followed by a description of the task characteristics which
supposedly gives the elemental, step-by-step information needed for

'See Coatract DA 30469.ORD 1955.
"The oawlymse was scheduled is t6e fellowing pkhas: 1, detailed aremias of the Ulm&~

TrackinS Rid only; i, We" TSA of &e etotal sysm; rI, detailed T&SA of t t6ew system
'Vstm Eletie Co., Is.., es L, Nike Ze. Too knd Sah Aasi O . T rmek

Re"A (U), Dece~ber MO6 (COMDNFI~TMA.
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accomplishment of the task. Other pertinent information (such as
effect on the system, number of men required, time required, fre-
quency of occurrence, hazards and precautions, and skills required)
is also provided.

One vital omission in the format of this analysis should be noted.
There is no provision in the form to remind the analyst that, for each
action that must be performed, he must supply feedback information-
the indication, signal, or condition that must exist after successful
performance of the described action. Such information is obvious
when the task calls for rotating switch *A* to plsition No. 1. It is not
obvious in a statement such as 0... adjusting specified potentiometers
for specific indications on a built-in meter and a lamp indicator.'1

Listing the particular adjustment task, from which this statement was
quoted, may be helpful for some purposes, such as planning and noting
the need for additional analysis. Giving only partial information under
task characteristics, however, could well discredit the total product in
the eyes of an evaluator. For instance, if neither the potentiometers
nor the resulting indications can be specified, how valid is an accompany-
ing estimate that one man can perform the adjustment in six minutes??
It would seem better to simply list the task and note that further infor-
mation is not as yet available. In this type of analysis, no statement
can be considered complete unless it gives the cue for action, the action,
and the indication(s) that the action is adequate.

While this analysis is the best that has yet been observed for
Army systems under development, there are other instances in which
it does not measure up to the state of the art or provide the most use-
ful type of information. Inadequacies of this sort could be avoided by
insightful monitorship.

For example, many of the initiation cues for listed troubleshooting
tasks are described by phrases such as, 'Failure to receive proper
indications and response when.. .' or *abnormal light and meter
indications noted during tasks' 4 ; in such cases the pope and normal
indications should be specified. Similarly, many of the character-
istics of troubleshooting tasks are stated inexactly: "Attempt to
isolate trouble by using lights, meters, and switches on front panel'";
"adjust... per written procedure'; 'use a multimeter and schematic
to measure input and output voltages.'" Such statements contribute
little to solving the mystery of troubleshooting. Also, if written
procedures are a part of the accessory equipment, they should at least
be referenced, and preferably they should form a part of the analysis.
Their omission merely leaves another job to be done at a later date.
Meanwhile, the task information is too incomplete to provide a basis

'I•,s, TeA Chweetu, T*ak No. 0010 014.

'1Or., Ithtis m Co., Ta No. 00 144, 000 144, 0010 14S.
"/i4., Teak No. 003 14&
'Aid., TAk NoK. 00 144, OM 144, O 143, 0010 14.
%Uid., Tea Chwod el N.. 4, Teak N.. 0.10 014.
'16bd., Tw* Chmbewtuc No. 2. Toak Na. OW 144.
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for determining training objectives and planning training method and
content. The presentation of more precise troubleshooting information
is possible, and at an early stage of equipment development't

The skill analysis portion of this NIKE ZEUS Task and Skill
Analysis serves virtually no purpose.2 The following statements about
"skills required," each beginning with "ability to," are representative:

"perform screwdriver adjustment"
"monitor meter"
"follow written procedure"
"open and close standard Zeus drawer"
"follow schematics"
"use multimeter"
"perform task characteristics 1-5 above"
"operate telephone handset"

None of these skill statements yields any information that is not already
obvious from the statements of task characteristics or the accessory
equipment listed. None would cue a training analyst to give this "skill"
special attention, either because it appeared to be critical or because
it offered soie possibility of economy in training. The requirement
for skill analysis should be omitted from the specifications except where
a new or critical skill or a certain level of a given skill, that cannot
be readily inferred from statements about actions, can be recorded.

Considerable experience has now been acquired by the Army in this
relatively new field, and progress with regard to the state of the art is
encouraging. Now that the practice of obtaining personnel requirements
information has been started for some systems under development,
certain agencies (e.g., Army schools) are using the products and are
asking for such products for new systems being planned.

It is believed that the stage has been reached where certain factors
that would accelerate the rate of progress can be recognized. Some of
the more important of these factors will be examined in the following
section, to improve generalunderstanding and to seek means for achiev-
ing a more effective program.

'James P. BRom ead H. vole Thorn, OTh D044loest s £v~h"Os of
TromeleAootlag Masuds," RwRRO Teehlcel Report is pipmelos for TAk MAMAIN V.

$Tkmboet this papa skill is isdefd as an *s#egpa of bypeoacal hams. bsrnct.r-
isties such a1 knowledp., bIsic aptitu&de, iamliihera, pOW"$*lky tial, psieks"Nme
co.ara *aa, etc., that fit tapihr In. Pardch perM to Pmdw.e 68beuaVd.
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Cheptor 3

INCREASING ARMY PRORESS IN THE STATE OF THE ART

Experience and observation in obtaining personnel requirements
information during weapon system development suggest several areas
wherq modifications of current practices, or further development,
would seem to offer considerable promise for achieving a more effec-
tive program. These areas may be described in terms of require-
ments for:

(1) Department of the Army direction that specific human fac-
tors information will be developed for all weapon systems.

(2) Integration of the requirement for human factors data into
the basic weapon system contract.

(3) Adequate specifications for human factor* data, to support
a contract clause.

(4) Adequate professiunal direction in the development of such
data (both in service and out).

(5) Willingness to modify or replace established procedures.
(6) Recognition in training agencies as to the utility of

the product.

DEPARTMENT OF THE ARMY DIRECTION FOR
DEVELOPMENT OF SPECIFIC HUMAN FACTORS
INFORMATION FOR ALL WEAPON SYSTEMS

It does not appear to be the general practice to require the devel-
opment of job-task information as an integral part of weapon system
research and development for all systems from the outset of weapon
planning. I While there have been expressions of intent along this line
at lower echelons, it appears that, if a firm policy is to be established,
it will need to be directed by higher authority.

Ilia condition apparently coatiases to be troe, as of December 1961. Is a USAKOMC state-
meat of policy dated 9 December 1960 (letter from USAOMC, ONDXM-dWA to Commander, ARGMA,
copy to ABMA, Subject: Traiuig), it is stated (par. 3c); 'Acco"ldsgly, it Is ki. Camomad's
policy that up". Initiatiom of a weapoa system project a Task sd $kill Analysis will be ccs.
ducted." However, is a USAOMC letter dated 27 November 1961 (USAOMC, ORDXIk4WM, to CG,
USCONARC, Subject: NIKE ZEUS Task and Skille Analysis and Training Aids Feasibility Study),
it is stated (par. 5):. *t is recommended that the penent detailed plase to Task and Skille
Analysis snd TraainagAids Feasibility Studies requirement from trainlng agencies be cancelled.'
Subsequent to the crmspoednace moted here, the Phase Mi effort was esacelled.

'S



At present, the question of whether such information should be
obtained comes up as a separate issue for each system. Each time,
the issue must again be debated and human factors must compete for
funds traditionally considered to be allocated exclusively for the "more
important" hardware development.

At an Engineering Concept Review for the MAULER weapon system
held in December 1960, training agencies; requested that task and skill
analyses and training aids feasibility studies be initiated immediately
for this new ;ystem and be completed by 1 July 1961. The contractor
had begun development work on MAULER some nine months earlier.
The training agencies were advised that no FY 1961 funds remained in
the project account for this purpose and that, unless these agencies had
funds or could obtain them elsewhere, such work would have to be
delayed until provision could be made for it in the FY 1962 budget. A
detailed task and skill analysis was planned to be initiated during
July 1961.1 It was not included in the basic contract but was subse-
quently negotiated in a separate contract.2 Thus, nearly a year and a
half elapsed from the time development work on the hardware began
before task and skill analysis was to have been started.

The above instance appears to be typical of a common viewpoint
in the Army; that is, the tendency is to regard task and skill analyses
as a "package" that can be purchased at any time when the funds are
conveniently available. Under this point of view, human factors infor-
mation will cost nothing until a contract is signed calling for it, and
it will cease costing anything after the product has been delivered. This
viewpoint has a major drawback in that it tends to ignore the basic
premise that personnel are an integral part of a weapon system.

Under the pressure of today's accelerated programs and over-
lapping tests, each successive decision that is made to convert design
into hardware, without concurrent consideration of the vital man-
machine interaction, reduces the opportunity to make small but signifi-
cant modifications to relieve task complexity. Giving due credit to
the human factors engineers, the result can still be a compounding of
apparently insignificant increases in difficulty as one "hard" task is
added to another to comprise a job. This may not be recognized until
an intensive task analysis is made at that later date when the system
is firm enough so that the personnel information will be stable. This
"passes the buck" to the personnel agencies for selection and to the
training agencies for longer and more complex training. At this stage
in development, it is often too late or too expensive to go back and
modify the hardware unless it can be proven irrefutably that military
personnel cannot successfully operate or maintain the system.

£C.voir/Potma, Re"ot No. C-0-.17640%, Cistu•et IM 04.40M 1MI p. 7. .I.
DitribWtd by USAOMC letter, ORDXM ISA, Sebjoctt Distuibutift of Figsl MAULER L46toeiang
Concept Review Book, 16 December 1960.

"*Personal cggmmication five Combat Dowelvofomeste ed R eNc"", U.S. Amy Air Dlefense
SAWool, 17 November 1961.

gee General Herbert B. Powell, "'Me SeW" First is IRenrck *sdW 0Sopmer.* ArMy
iaftoi.tion Digest, vol. 16, so. 6, Jon 1961, pp. 1041.
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To summarize, the task analysis process is a valuable tool in
weapon system development when performed concurrently with mate-
riel research and development. There is greater assurance that, when
the personnel and training information based upon the integrated treat-
ment is finally released to the appropriate Army agencies, there will
be little need for subsequent modification in personnel or materiel
elements of the system.

It seems evident that uniform application of human factors tech-
niques to Army weapons would have major advantages. Progress in
such application could be greatly speeded by Department of the Army
action to modify AR 705-5, Research and Development of Materiel t

directing that specified personnel and training information be developed
concurrently for all weapon systems throughout their total R&D period.

THE BASIC WEAPON SYSTEM CONTRACT

A second major prospect for more rapid progress lies in modify-
ing the practice of what is, in effect, separate contracting for prescribed
personnel and training data. While a clause dealing with personnel
matters may be included in current materiel contracts, it is usually
general in nature and does not describe a specific product to be
delivered at a specific time. Builders of all weapons have furnished
personnel information of some kind (e.g.. key personnel courses and
draft manuals) at some time, but this activity has been secondary to
the development of the materiel. When something more comprehensive
is desired, such as the request for task and skill analysis cited for
MAULER, it is negotiated and funded separately. This course of action
can have subtle but very real effects on the quality of the product.

A contractor is unlikely to build a strong, effective, permanent,
specialized human factors staff if he has no assurance that the Army
will purchase the service or product such a staff has been employed
to prepare. Such assurance is not produced by a statement in the
military characteristics that the system will require ominimum and
simplified maintenance* or "reduction in numbers and skill levels of
operating personnel"3 or *competent, professional human factors
engineering."' Under this type of contract clause, a contractor is not
likely to assemble a human factors staff unless a defined product, such
as Task and Skill Analysis, is specified and a separate contract or
technical instruction is drawn. If beginning and completion dates are
stipulated, the project has a short-term, *one-shot* character.

When action for human factors data is taken separately, rather
than in conjunction with the letting of a basic contract, it is

'alwumeast of the Amy, Reserc a"d Develop•ent of Materiel: Amy ResarchA and
Development, Army Regulations Nei 70465, 21 December 1959.

'ibid., par. 13c(4).
'ibid., par. 13c(6).
'fice, Chief of Research and Development, Dopertmest of tha Amy, hem.n Factors

Engineering in Development Contacts, R&D Dirctive 70-21, 8 December 1961.
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understandable that the contractor may organize and staff it separately.
This raise- dual problems. First, top project management will tend 0
to give t) ,ame importance and emphasis to this effort as would be the
case if this aspect had been a vital factor in winning the basic contract.
Second, personnel who are professionally qualified in this type of human
factors work are not readily available, particularly for short-term
employment. This often results in the assignment of inexperienced
people when there is no continuity in the contractor's need for a human
factors staff.

The lack of emphasis by management on skilled human factors
input and the use of inexperienced or temporary personnel have been
known to greatly hinder the establishment of cooperative working rela-
tionships between human factors personnel and design and production
engineering personnel. Harmonious relationships and mutual respect
develop most readily when the interdependence of the two disciplines
in achieving a common goal is recognized by both. The common goal
here is mutual agreement as to the validity of human tasks inferred
from the hardware design. Each group should be held equally account-
able for adequacy of the final product.

Each contractor should be required to provide in his proposal
detailed plans for the development of task analyses and associated
training support materials. The evaluation of his proposal should
include an evaluation of his capability to carry out these plans. An
important factor in this evaluation would be the presence on his perma-
nent staff of qualified human factors personnel, well integrated in the
organization's operations, who would be assigned to begin work on the
project at its initiation.

The existence of such a requirement would provide assurance to
the contractor that the Army not only will accept but will require the
experditure of man-hours for both human engineering and the produc-
tion of personnel and training information on a continuing basis through-
out system research and development. An Army statement of policy
to this effect would encourage a trend-noted in the current activities
of some military contractors-to include human factors investigation
in systems work on its own merit. This often is done with the added
hope that the customer will recognize his need for the information
resulting from such investigation, even though it had not heretofore
been required, and will be willing to pay in a separate negotiation for
its organization and publication.

Any uncertainty on this matter should be removed from the outset.
All information generated in the systematic development of a weapon
should be available to the customer. The expense involved in its gener-
ation for both recognized primary purposes and later-recognised
secondary uses, should be absorbed on a straight man-hour basis in
the basic work agreement. In time such awpolicy could well convert the
trend mentioned above into established weapon system development
procedure. Then human factors considerations would be as much a
conventional part of over-all system design and development as guidanwe
or propulsion is today.
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Note should be made of the tremendous volume of information
generated in the building of modern complex weapon systems. Great
amounts of this information are lost after it has served its primary
purpose because its possible further use, after the system has achieved
operational status, was not foreseen. An example can be cited in
connection with maintenance. It was found in HumRRO Subtask MAIN-
TRAIN V that designers had discarded information that subsequently
was needed by maintenance technicians in order to troubleshoot effec-
tively. For instance, the permissible variation in a chassis output is
a specification within which the designer of the chassis must stay.
Once he has achieved this-goal, however, he has no further need for the
precise information as to variation and does not keep it.

The technician who troubleshoots an electronic system-and the man
who develops manuals for his use-must know what measurements to
make (e.g., the amount of gain to be expected in an amplifier). This
information can be obtained by analyzing the circuits involved. In many
cases, these same analyses had already been made and decisions
reached by designers in planning quality control procedures for the
production of the equipment. If the engineering material is not retained
for us- by the manual developer, this duplication of effort is multiplied
by tnumerable occasions for troubleshooting. It results from a
fail .c, ., appropriately organize, record, and distribute this informa-

"* rotghi the maintenance channels designed for the system.
N_, uoubt additional uses could be made of other types of informa-

tion in the contractor's possession. In the normal conduct of business,
the customer usually receives only the information for which he recog-
nizes a need and is willing to pay. Continuing interaction among
different intellectual disciplines provides an environment conducive to
discovery of additional uses. The "cross-pollination" of the human
factors and design engineering disciplines has proven most productive.
in recent years.

Inclusion in all weapon system contracts of a requirement for the
concurrent development of human factors information and materiel can
be expected not only to speed the Army's application of the present
state of the art but also to contribute toward its advance.t

ADEQUATE SPECIFICATIONS

A third major method for expediting progress in this area would be
to increase the adequacy and the clarity of specifications delineating
what information *is wanted, how it is to be developed, and in what form
it is to be produced.

Specifications should supply both parties to a contract with clear,
unambiguous data, characteristics, and descriptions of the materials,
services, and so forth, which are to be supplied, upon which both are
agreed. The products delivered should be subject to objective evalua-
tion to determine whether the terms of the contract have been fulfilled.

'A proposed revisics to R&D Directive 70-21 is pwesested in Appendix C.
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In an area as new as human factors, specifications having these
qualities could well take on the characteristics and volume of an educa-
tional program. An alternative to such a detailed presentation is to
specify the educational and/or experiential qualifications of individuals
who are to interpret, carry out, and/or monitor the activities at issue.

As stated earlier, many individuals on both sides of contracts for
predicting requirements for new systems have contributed to the pres-
ent state of the art. The process has not, however, been developed
sufficiently or proven convincingly enough over time so that routine
procedures, readily understood by lay personnel, can be described in
specifications. All of the Armed Services are actively interested in
acquiring specification materials that would increase the accuracy and
ease of communication.

A simplified human factors specification aimed at achieving mutual
understanding among parties to the contract as to its intent and objec-
tives is appended to this report for consideration.' The primary
objective in these abbreviated specifications is to define the scope of
the work and illustrate the variety of activities required in making and
verifying a complete analysis.

In the interpretation of military specifications for hardware,
engineering training and experience are necessary. Likewise, with
human factors specifications, full understanding of the significance of
the requirements set forth or the complexities of the work involved
requires personnel who are well grounded professionally in human
factors and training technology. Conversely, the specifications must
include adequate guidance as to what is desired or expected, if the con-
tribution by professional personnel is to reach its full potential.

ADEQUATE DIRECTION BY HUMAN FACTORS SPECIALISTS

The fourth factor that would promote advance in the application
of human factors technology to concurrent development of training
information and materiel would be an increase in the amount and the
quality of professional direction in its behalf by human factors special-
ists. This would apply both at operational levels of Army developing
and training agencies and in contractors' establishments.

The Air Force QPRI program which preceded Army activities in
this field was in the hands of competent human factors scientists.
Despite some years of development, the program had by no means set-
tled into proven routine procedures capable of being adopted. The pro-
cedures have been and are still being adapted under the-careful direction
of specially trained, experienced, professional human factors personnel.

The Army personnel who were assigned monitoring responsibilities
in the early Army efforts in this field were, in most cases, not human
factors specialists; often they were engineers who were assigned this
additional duty. However capable in fulfilling the requirements of their
regular jobs, and while fulfilling them, these monitors could hardly be

'See Apg..di F.
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expected to have much knowledge of the special pitfalls and difficulties
of managing a human factors program. What was needed in order to
support specifications that were not adequately Ospecific* was ability
to recognize appropriate capabilities in contractor personnel assigned
to the work, specific characteristics of the information they must
produce, and when it could and could not be produced. The individuals
concerned most probably would agree that they did not have specialized
professional insight, and the authority accruing from it. Nor did they
have the directive authority to aggressively pursue a program such as
this within the context of traditional hardware orientation.

A question may be raised as to why inadequacy in the monitoring
agency might not have been offset by professional competence on the
contractor's staff. This point was touched upon in the section dealing
with short-term, relatively fixed-sum contracts separate from those
for materiel. In the absence of a permanent staff of human factors
personnel, contractors have tended to assign engineers or to employ
persons purportedly, but not really, qualified.

Engineering skills are considered essential for interpreting design
and drawing inferences as to behaviors involved in the human tasks
required. However, the training typically given engineers does not
include a firm background in the behavioral sciences (e.g., sensory
processes, perception, learning) which is important in interpreting the
psychological significance of task behaviors. Examples from the MIKE
ZEUS task and skill analyses, which were produced by engineers with-
out continuous aid and guidance by human factors specialists, were
cited earlier (pp. 13-14). The examples quoted may be meaningful to
other engineers but they do not tell an Army training analyst or
programmer what he needs to know. This is the individual for whom
basic job information should be prepared, and it should be so specific
that it is not subject to varied interpretation when its complexity must
be further reduced for presentation to a trainee.

The active demand for human factors specialists that has devel-
oped in the last few years has resulted in contractors' employment of
people with relevant basic professional training. Many of these people,
however, were without experience in applying the required analytic
techniques in a weapon system development atmosphere and were not
conversant with results of current military training research. Thus,
while they had the potential, they did not have an immediately applicable
skill to accomplish, without experienced guidance, predictive task anal-
ysis. Some individuals directly out of college or graduate schools,
without even the benefit of a supervised internship, have been employed
to work in and direct programs in the human factors area. In the
absence of knowledgeable guidance, either from supervisors or from a
monitoring agency, it is not surprising that the job and training Infor-
mation they have produced has not been maximally useful.

The above statements take on added significance when it is noted
that little formal training is offered in our colleges and univertities In
this specific are•.. The courses in job analysis are usually limited to
cyclical-type industrial jobs in being. They do not cover the prediction



of training requirements for tasks that must be combined into jobs to
support equipment that is not yet in existence.

While the actual skills involved in task analysis are by no means
complex, analysts to date have generally developed them on the job in
research organizations or in human factors consulting agencies work-
ing on military systems. They have done so under the direction of pro-
fessionals who, through their experience and familiarity with research
in the human factors area of system development and of military train-
ing, understand and support concepts much akin to those described in
this report.

Once the desired pattern of analysis and the administrative proce-
dures for its conduct are established under experienced direction, the
continuing day-to-day analyses can be carried on by personnel without
professional human factors status, working with engineers. It is
believed that personnel with experience in preparing materials for
technical manuals, for example, would be well qualified as task analysts
after appropriate training on the job. This would free the human factors
scientists for the much broader duties of organizing and coordinating a
total effort, constantly evaluating the information produced as to com-
pleteness and adequacy, planning and conducting difficulty tests of
predicted tasks, developing job aids, determining training device require-
ments, and similar matters.

Colleges and universities are just beginning to develop programs
in the human factors area for professionals called by various titles
such as human engineers, human factors specialists, and engineering
psychologists. A survey of departments of industrial and mechanical
engineering reported by Warren in 1956 revealed that, out of 104 depart-
ments responding, only 20 had courses in the human factors area.' In
no institution was there an organized Human Factors program leading
to a degree either in engineering or in some other department. In a
later article Warren reviewed the programs of ten universities and con-
cluded that no consistent pattern of training in the human factors area
had emerged.2 From the trends, however, he predicted a pattern for
the future: The human factors engineer will be trained in engineering
with supplementary courses and experience in psychology and physiology.

A committee of the Society of Engineering Psychologists, Division 21
of the American Psychological Association, is in substantial agreement
with Warren in the training it recommends.3 This committee, made up
of recognized experts, considered the nature and professional work of
psychologists and related specialists who are active in the broad fields
of human factors engineering. They analyzed the qualifications required
for such work and outlined training programs that should provide an

'N. D. Warren, 'Automation, Human Engineering, and Psychology,* Amer. Psychologist,
vol. 11, 1956, p. 531.

2N. D. Warren, 'Educational Programs in the Human Factors Area,' Human Factors, vol. 1.
no. 2, 1959, pp. 12-15.

'Committee of the Society of Engineering Psychologists, 'Traiang in Engineering
Psychology," Amer. P~yc¢Aologist, vol. 16, 1961,,pp. 171-177.
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adequate preparation for specialization in this area. Present training
programs were considered to be inadequate, inasmuch .-, unly a few
colleges and universities offer any kind of special progreais in this
area, either for engineers or for psychologists. Thus, many engineers
who are now assigned to human factors work have little or no formal
training in behavioral science, and many psychologists find that their
formal scientific training has not prepared them to apply it to system
design problems or to collaborate with engineers.

The attention of this committee has been directed much more
toward those aspects of human factors engineering concerned with sys-
tem design than toward systematic task analysis, the combination of
tasks into jobs, and their implications for training and training supports.
The Army has followed a similar course of reasoning in assigning
human factors engineering responsibility to the Technical Services.
This assignment does not, however, include responsibility for task and
skill analyses.

While it may be most desirable to combine in one person the skills
of two or more professional disciplines in this vital area, it is not
essential for the personnel and training specialist, particularly if com-
petent human factors engineers are on the design team. The personnel
and training specialist must, however, have professional training and
scientific objectivity.

Where combined skills have not been available in individuals in the
past, the team approach has been used successfully. This approach
brought together on contractors' staffs individuals with such skills as
those of design engineers, experimental and industrial psychologists,
and operational analysts. Rabideau and Cooper, in a study conducted
for WADD, specify knowledge and skill requirements they consider
essential for the execution of analytic procedures using such a
team approach.'

It is exceedingly important to have the appropriate skills on the
staffs of contractors; it is equally important to have such skills on the
military staffs. At an early stage of its human factors work, the Air
Force recognized the need for more competence of the professional
human factors type in its officers. A one-year graduate program lead-
ing to a Master's degree in Human Factors has been inaugurated by the
Department of Psychology in one university. This program was devel-
oped by the school in cooperation with the Air Force Institute of Tech-
nology and began with the fall semester of 1960. Officers are selected
on the basis of interest, scholastic ability, and background and are
enrolled in a diversified curriculum emphasizing statistical and experi-
mental methods as applied to industrial psychology and human engineer-
ing problems. Following two semesters of such preparation, a seminar
series is conducted during the final summer session dealing with, among
other things, the prediction of job and training requirements.

'G. F. Rabidebs id J. 1. Cooper, A Guide to tke Use of Function and Task Analysis
As a Weapon 4ystem Development Tool, NB-60.161, Northrop Cop., Notr Divisios, for Wright
Air Developmeot DIvivioe, Wright-Petterson Air Force B.e, Ohio, May 1960.



It would seem most appropriate for the Army to consider some-
thing of this nature in its Civil Schooling Program, expanding the pres-
ent program under which selected officers receive graduate training
in psychology. Such training would develop officers professionally
trained in the human factors area in sufficient numbers for assignment
to Army weapon systems developing and training agencies. The normal
flow of incoming officers can not be expected to yield a sufficient supply
of men with this specialized background.

The Army has taken a constructive step by enrolling officers in
short courses in human factors given at various universities. These
courses are generally presented in a few days or a week or more and
are valuable for sensitizing officers to problems in this area. However,
useful as these courses are for orientation, they can not, in this short
period, develop competence in these men to actually perform the spe-
cialized work which is involved.

It must be emphasized that broad Army experience is extremely
important for people doing human factors work on Army systems. Pro-
fessional military competence is of course essential to the success of
the project. However, it does not, in itself, take the place of formal
training in the scientific aspects of human factors work.

WILLINGNESS TO MODIFY OR REPLACE
ESTABLISHED PROCEDURES

Tradition has a most important influence on the course of progress.
On the one hand, it encourages desirable standardization and eases the
burden of training new personnel in the conduct of activities. On the
other hand, it strongly resists change and inhibits insight regarding
courses of action indicated by evolutionary development.

Officer Careers

Advance in technology has increased weapon complexity, which
demands greater technical specialization of troops who may engage the
enemy from ever greater distances. Yet, the common image of a
soldier is that of physical man in personal contact with the enemy. This
attitude is reflected in the management, and particularly the develop-
ment, of officer careers.

The training, development, and brief varied assignment of officers
is traditionally supposed to produce leaders who can manage large
masses of men in physical contact with an enemy. This program of
experience is still the required course for the young officer with *stars
in his eyes. In spite of the fact that only about one half of one per cent
of officers currently hold general rank, attainment of this rank is
held to be the dominating influence in the direction of officer careers.
Specialization or assignment with any hint of specialization outside the
traditional "fighting" channels appears to hold a threat of being trapped
in a "specialized" cul-de-sac and consequent early retirement.
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Now, however, "personal contact with the enemy" is only part of
the story, in view of the current capability of one man ultimately to
release upon an enemy destructive power equivalent to all that expended
during World War II. It is evident that military men must have made
and directed many critical specialized decisions and actions to make
this possible.

There are a number of technical and scientific areas within weapon
system development, including human factors and training, that warrant
the highest degree of professional training and specialization of mili-
tary personnel. Many exceedingly competent officers with such quali-
fications are in fact in appropriate positions of responsibility today. It
is true, however, that many apparently well-conceived actions related to
weapon systems have been started by such officers who were reassigned
before the results were in. Too often these results, when finally avail-
able, have bewildered equally competent replacement officers. To
depend upon the civilian specialist for continuity does not seem to be
a satisfactory solution, since it is the officer who has the authority and
must bear the responsibility for vital decisions.

The long period from conception to stabilization of modern weapon
systems, along with their technical and scientific complexity, suggest
that consideration be given to (1) relating length of tour to "completion"
of project, and (2) relating professional military careers to realistic
modern requirements so that the status and reward of the specialist
are potentially equivalent to those of the "nonspecialized but combat-
qualified" officer.

Existing Procedures

There are many current practices, procedures, and activities that
have taken on the inertial qualities of a tradition. Most are required by
regulation; at some time, they served a useful purpose but this is not
necessarily still the case. The acceptance of a new activity, designed
to fulfill other requirements, may be slowed if it duplicates some part
of one already in existence. It may be attacked on this account partic-
ularly if a different agency is currently performing these duties and
views the new activity as a threat to an acceptable state of affairs.

One area of this kind where serious duplication can occur is
that having to do with the production of the Maintenance Allocation
Chart (MAC)1 and the Task and Skill Analysis (T&SA). This area,
as an example of others that may be discovered through the pending
integration of materiel development and logistics, will be dealt with
in some detail.

The MAC and its preliminary draft, the Recommended Maintenance
Operations Chart (RMOC), are required by AR 750-6. They are part of
a maintenance package. In all, this consists of the preliminary draft

'The MAC assips nmaitenance functions and rep* opwatIoas to be psteonw 4 by the
lowest aproa•riete maiateauace echelon. See: Derrtmet ot dthe Amy , /oMesnce PlmM.,
.4 flocation and Coordination, Army Regulations No. 7504. par. S. 10 June 1967.
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MAC's to be included in Part II of the technical manual according to
AR 310-3 ; a preliminary draft list of repair parts and special tools
authorized for use in organizational maintenance; preliminary draft(s)
of Parts I and II of the technical manual(s); and preliminary draft(s) of
Lubrication Order(s).

Preparation of the maintenance package is the responsibility of the
technical service that develops or procures an item of materiel for
service test. According to AR 750-6, it is based upon the physical
review or teardown of a model fabricated during the development cycle.
In reality, however, work on the RMOC's may be started long before
materiel is fabricated, by studying schematics, blueprints, and so forth,
and it is then verified later on the materiel.

Every subsystem, subassembly, component, and piece part is listed
on the RMOC. Along with each item, the appropriate maintenance task
is indicated by placing the number of the echelon to which it is assigned
in columns whose titles consist of tasks in these general terms: service,
adjust, inspect, test, replace, repair, align, calibrate, and rebuild. Also
noted are the tools, test equipment, and so forth that are required to
accomplish the task. In deciding which echelon should make a repair,
for example, what is involved in the task must at least be visualized or
mentally analyzed-which, essentially, is all that is done.

The RMOC, after approval by the various Army coordinating agen-
cies, is used by technical writers of the contractor's staff to prepare
technical manuals. These writers must reanalyze the tasks to describe
them in the manuals. Such other documentation as may be prepared on
the basis of the RMOC's by other personnel or departments may also
require analysis of the same tasks. There is no assurance that all of
these analyses will be identical except through lengthy and time-
consuming coordination. This could be reduced if the responsibility
for the production of the RMOC's and the T&SA were combined in one
Army monitoring agency. If they are to be produced by the contractor,
a combined, coordinated effort should be required and a single body of
basic data used (see pp. 40-42). Since the t&SA provides much more
complete information about task activities, it surely offers a more
logical basis for technical manuals than does the RMOC. If both are
to be p.-oduced, they certainly should be used in conjunction for prep-
aration of manuals.

The RMOC provides basic data for logistic planning of require-
ments for tools, spare parts, supplies, and so forth, and decisions as to
the echelon at which they will be stocked. It is also basic to the prep-
aration of the MAC, which is a much abbreviated form of the RMOC.
The MAC does not make a breakdown of systems and subsystems into
a listing of piece parts. While it may be possible to justify the RMOC
as a working paper, the justification for publication and distribution of
the MAC is not apparent.

Task and skill analysis (which is not required by regulation) pro-
vides a much better, firmer, and more consistent basis for efficient

'Depaq•mnt of the Amy, Miitary P6L4catiok : ~pmrNsies *ad Preoesdi, Affty
Replations No. 310.3, 15 May 1956.
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and economical training than does either the RMOC or the MAC. This
value is in addition to the greater and more immediate influence which
task analysis has on system design (see pp. 16-17). It would seem that
better and more accurate decisions as to the echelon at which tasks
should be performed could be made on the basis of a complete, detailed,
verified, and recorded task analysis than on the basis of titles such as
adjust, replace, and repair, which appear on RMOC's. In the prepara-
tion of T&SA the echelon must be identified, so only those task data
appropriate to the agencies responsible for the various echelons will
go to them.

T" ')m the foregoing it appears that the T&SA is able to fulfill all of
the fuictio if the MAC and of the RMOC except for the listing in the
latter of all of the parts, pieces, screws, washers, and so forth. The
question rises as to whether the purposes for which such a listing is
required might not be served in some more economical manner than
by the present independent production effort. The possible use of the
contractor's parts list should be studied in this regard. The optimum
determination on this score could not be made during this study.

T -?he question does seem worthy, however, of careful study by the
proponents of both RMOC and T&SA, with the goal of satisfying genuine
needs most efficiently. The solution might be the elimination of one or
the other, or a combination of the two into a single effort to avoid
duplication. It should not be decided simply that T&SA duplicates the
RMOC-MAC and therefore is not needed inasmuch as the latter are
already required by Army regulation. It has been shown that T&SA
does largely duplicate the RMOC-MAC. It cannot be shown, however,
that the reverse is true; that is, the RMOC-MAC does not supply all
of the information provided in the T&SA.

The magnitude of the economy that might accrue from combining
the T&SA and MAC programs can be demonstrated by referring to the
experience with the NIKE ZEUS. The MAC program for this system
was funded at onetime on a ratio of about 4 to I for the T&SA program.1

Since these figures run into seven digits, they are truly significant. The
ratio became even greater with the decision not to continue Phase InI,
the detailed T&SA for the total system, and to rely instead on T&SA
Phases I and II, the MAC, and other substitute documentation. This
action was taken against the wishes of Air Defense School personnel,
who had been very closely involved with the contractor T&SA effort. The
decision was based largely on the fact that the MAC's for ZEUS had
already been contracted for and the activity was being pursued in a dif-
erent contractor department when the requirement for T&SA Phase In
was established.2 Had this been the integrated effort described in this
report, the T&SA would have assumed its appropriate place in the over-
all system development plan and the MAC's (RMOC's) would have been

'Personal consultation with the ZEUS Division, Combat Devolopmmets sad Sessarhe, U.S.
Amy Air Defense School, 17 November 1961.

'See USAOMC letter ORDXR-R-E to CG USCONARC, ,Sobect: NIKE ZEUS Tosk asd Umill
Analysis and Training Aid* Feasibility Study, 27 November 1961.



developed without duplicate generation of information which the T&SA
can better supply.

Before leaving this subject it should be noted additionally that
equipment test specifications are considered part of the MAC "package"
although not of the MAC itself. Knowledge of these specifications is
unquestionably essential for effective job performance. However, the
test specifications tend to change, for a number of reasons. They can
not be stated precisely until late in system development. They often
are prepared as a checklist or job aid instead of as information that
must be learned and retained. Thus, it may not be economical or desir-
able to include test specifications in the main body of the T&SA infor-
mation that could be useful for conducting training before stabilized
data can be determined. It is possible to train individuals how to per-
form certain check and adjustment tasks without specifying the exact
tolerances that must finally be achieved. There does not appear to be
any overpowering reason, however, why the test specifications could not
be a part of the T&SA "package" instead of part of the MAC "package."

Training Content

A third area affected by tradition is that of training content. Far
more emphasis in training is currently given to system, subsystem, and
component functioning than can be justified by a careful examination of
the human behaviors and the specific knowledges required by typical
operator and maintenance jobs.

Such "training" is commonly justified on the grounds that personnel
will be more highly motivated and perform their tasks more willingly
and effectively if they fully understand how everything works. It is also
argued that they will be able to solve unforeseen problems if they know
the theory on which certain functions, such as propulsion, guidance, and
hydraulics, are based.

While there is, no doubt, some merit in these views, the extent to
which this type of "training" is needed and can be afforded warrants
closer examination. This approach should be examined in terms of
(1) effectiveness in achieving satisfactory task performance, and
(2) cost, considering the average length of service and the qualifications
of a typical trainee. The theoretical subjects are undoubtedly of value
in the "education" of engineers, who may apply their knowledge to the
design and development of new systems and who may design, test, and
prove steps of procedures. Once proven, however, these procedures
can be followed by personnel with less fundamental training and qualifi-
cations. Performing the specifics, once they are established, becomes
the objective of *training.*

Herein lies a commonly recognized difference between education
and training. As Crawfordt has put it, the term training is appropriate
for the circumscribed job in which emphasis is on precision of act,

46mdl P. CawvfwC 'R~wcb ead Developmt In TmiMe md Uwee.tm." pp,,
tod a Syspe.dm a &et Caablo d of Mmy Roeoaeb to Edmtl. and Tvanai,
?4 asmUuhvulsy, Degesbm IWIP.
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immediate response to a need or command, and predictable outcomes
of activity. The term education denotes learning for jobs which are
much less circumscribed in content, activity, or responsibility, and in
the performance of which the outcome is much less foreseeable.

The Army has depended largely upon engineers to estimate the
knowledge requirements new equipment will impose upon operator and
maintenance personnel. Their estimates have tended to be subjective
and to reflect the subject matter attendant on their own "education,"
which is heavily weighted with general function and theory. A careful,
objective analysis of the behavioral aspects of the tasks required in
an operational environment will make apparent their difference from
those required for designing and building the subject hardware. In addi-
tion, such analysis identifies the minimal knowledge supports that must
be supplied by "training," to enable an individual to respond successfully
to specific situations he has not encountered before.

Since training cannot be extended endlessly to cover the total
universe of tasks in all their variations, knowledge must form the con-
necting link between correct responses and the range of stimuli that
may evoke them. In order for a knowledge to be effective and appro-
priate for inclusion in "training," it must be such that a job incuknbent
can (1) discriminate the job situation calling for the knowledge,
(2) remember the knowledge content, and (3) make some job-oriented
response as a result of recalling that knowledge. t Any break in these
three links indicates nonoperative, ivory-tower knowledge.

In the absence of complete task and skill analyses that specify
otherwise, MOS specifications (see AR 611-201) and training content
emphasize the requirement that trainees be firmly grounded in function-
and theory. This approach has become so customary -that training
people have tended to reject job data that do not include such materials.
This aspect is discussed in the following section.

INSIGHT IN TRAINING AGENCIES AS TO
THE UTILITY OF THE PRODUCT

Finally, rate of progress in the procurement of more effective
training data would be improved if training agencies acted to establish
the demand for these data, and to recognize and specify the nature of
information that could more effectively support accomplishment of their
mission. Failure to take this sort of action is due in part to the effect
of organizational inertia as noted above and in part, no doubt, to a lack
of familiarity with research that has proven the effectiveness of train-
ing based on task analysis. As a result, much of the early QPRI and

'dobwm B. Miller, Dswivation of Skills sad Kfowlmdps ia Eisocoomic bihwiamce," is
Symposium on Air Force IIHa Engiserio, Personnel sad TraiLing Reesarch, P*bli,..a $16,
Natiosal Academy of Sclaces-Natiesel Reseamb Casell, Waskiipoo, D.C., 19M p. GO.

'Depeilment of th. Amuy, Mooda of mntisei M~ivey Oceapspaieis Spetisileb, Amsy bps
lotion. No. 611-M11, IS June 1960.
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task analysis data has been rejected, irrespective of quality, by train-
ing agencies of all the military services. Various reasons can be
given, including:

(1) It did not conform to what they had been getting, usually by
their own efforts, and which they were still getting anyway.

(2) It was produced by someone or some agency other than
their own and not at their direction.

(3) It was very detailed and covered much material they
already knew how to teach; their instructors could fill in
the detail without its being spelled out for them.

(4) They had no confidence in the information until they could
verify it themselves on finished hardware.

Such reactions represent the common resistance to change, and
awareness of the work and risk involved. They also indicate a lack of
comprehension or conviction on the part of those who might direct that
personnel be trained and organized to operationally test the building of
programs based on such information.

SUMMARY STATEMENT

Complete and detailed analysis of tasks is needed in order to
promote understandingof their behavioral aspects, reduce their com-
plexity by incorporating properly designed aids, specify only the essen-
tial knowledge requirements, provide all possible pre-solutions by
experts, and assure that no important step has been omitted.

Properly organized, task analysis data define job performance
objectives from which training objectives may be derived. They pro-
vide, essentially, a complete unfverse of proficiency test items. And
they are the basis upon which training conducted by numerous instruc-
tors can be standardized and checked for complcteness, down to the
finest detail desired.

Progress could be enhanced and speeded by apprcpriate, authori-
tative directive and by implementation of proven procedures by per-
sonnel professionally competent to resolve details of their application,
which are too numerous to anticipate or to cover in this report.
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Chapter 4

AN APPROACH TO THE DEVELOPMENT OF A
"PERSONNEL SUPPORT SYSTEM"

FUNCTIONS OF A PERSONNEL SUPPORT SYSTEM

A report such as this is not the place to suggest how the Army
might modify formal organization to more effectively apply human
factors state-of-the-art provedures to the over-all problem of supply-
ing trained personnel to operate and maintain new systems as they are
produced. It is, perhaps, more appropriate to describe the functions
involved in accomplishing this goal, note their interrelationships, and
indicate means by which responsible agencies might achieve improved
results in carrying out these functions.

To supplement the material in the text for readers interested in
a more detailed description of some implementation factors and prob-
lems, two appendices have been prepared. Appendix A presents a
structure for providing human factors inputs to weapon system develop-
ment, discusses the Personnel Support System end products desired,
and delineates some problems concerning where and by whom these
end pruducts should be developed. Appendix B describes the Peroomiel
Support System in operation, presenting in chronological order human
factors inputs to a weapon system, from the Qualitative Materiel Devel-
opment Objective stage through all stages of development until the
system is in operational use.1

Describing the functions served by the human factors data must, of
necessity, be oversimplified. However, the principles may be made
clear. by tracing a single complex task from its origin on the equipment
drawing board to its final incorporation among the capabilities of a
proficient Army operator or technician.

Analysis of Task Requirements

As the design for an item of equipment takes form, the task or
tasks required to operate and keep it operating also take form. Before

'Readers making a more thorough study of the total field of system development, with
emphasis on man's part in it, will be interested in a book which was released shortly before this
report went to press: Robert M. Gagne (Ed.), Psychological Principles in System Development,
Holt, Rinehart, and Winston, New York, 1962. Thli book is the first of its kind to bring together
an integrated psychoteehsology of system development and is the work of some of the most widely
recognized experts .in their field. Persons who might be assiped responsibility for implements-
tion of recommendations made in this report would find this book useful.
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a prototype is built, the design is examined from a number of viewpoints
to make sure that it will accomplish its objectives. Varied design and
production engineering viewpoints must be considered; the viewpoint of
the human factors engineer should be included.

Among other things, design review should cover (1) the provision
for displaying the cue that will indicate the task is to be performed,
(2) the mental and/or motor act (response) involved, and (3) the signal
or condition that will exist to indicate that the task has been per-
formed satisfactorily.

Assuming that the design is approved, the task required by this
design will be firm, but the task..required of the performer will depend
upon more complete analysis. This analysis would examine the cue-
response relationships to determine the knowledge required to establish
the correct association and the nature of the psychomotor coordination,
if any, required to make the proper response.

Knowledge Requirements

In some troubleshooting tasks there may be only one correct
cue-response association to be identified out of a possible ten thousand
or more. The knowledge required to enable a man to quickly choose
the right one in such cases is immense and, on the basis of experience,
impossible to implant in the typical trainee. The knowledge require-
ment can, however., be reduced by a pre-solution of such problems
through comprehensive analysis, and a systematic organiiation of the
solutions into a job aid. The response association to innumerable cues
would then be the same-reference to the job aid. From this aid, a
succession of new cue-response associations would lead the mainte-
nance man through appropriate detailed tests to the final successful
"equipment-required" task response.

Knowlest has said of this type of task, *The alternative to
detailing tests beforehand, which is a designer's task, is to require a
highly skilled man to work out the logic on the spot. Thus, operator
(maintenance) skill is traded for design skill." As stated earlier (see
page 19), these analyses are frequently made and decisions reached in
planning quality control procedures for the production of the equipment.
It seems entirely appropriate that the analyses be made early in the
development phase by highly qualified engineering personnel; they could
then be used to support maintenance during the various engineering and
user tests of the system. This wouid permit the procedures based upon
these analyses to be tested, verified, and established. Consequently, the
eventual user and field maintenance man would not have to be trained to
duplicate the engineers' task but, more simply, to follow the procedures

'W.B. Knowles, Automation and Personnel Requirementa for Guided Misslle Ground Support
Functions, General Electric Company, for Aeo Medical Laboratory, Wright Air Deelopmaet
Center, Air Research and Development Commend, Wright-Patteroon Air Force Base, Ohio, WADC
Technical Report W9-240, May 1959.
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developed by them. This would definitely tend to lower selection factors
and training costs.

One of the most frequently stated objections to making analyses
early is that the equipment will change before it reaches the production
stage. The objectors do agree that equipment parts, combination, and
configuration are the origin of tasks and their characteristics, but they
fix their attention upon the several thousand items that may be changed
rather than the several hundred thousand that remain unchanged from
the beginning. Furthermore, a large percentage of the hardware changes
that are made do not change the task characteristics in any respect.

The "nonfinal" status of the equipment is in fact essential to
fulfilling one of the purposes of early task analysis-that of identifying
appropriate changes in equipment that would reduce task complexity.
Modifications of this nature that can still be made "on paper" are much
more likely to be accomplished than they would be if suggested after the
system has reached the production stage. In production, the cost of
changing just the affected engineering drawings could amount to many
thousands of dollars.

Motor Skill Requirements

Analysis of tasks, inferred from early design, reveals their
psychomotor characteristics. These characteristics, described in
behavioral terms, can be evaluated against experience in training as to
the criticality and the difficulty of acquiring such a skill. Such a review
may suggest the need for and characteristics of training aids and
devices to effectively inculcate the skill in trainees. This process pro-
vides the earliest equipment-oriented information on which to base
requirements for training devices with any degree of validity. If this
process is not followed at this stage of system development, the train-
ing devices that may eventually be procured will most likely be behind
schedule and/or not specific to the skills they are supposed to train.

The current development process as described in AR 705-5
directs using agencies to submit requirements for training aids and
devices when submitting Qualitative Materiel Requirements QMR's)
and Military Characteristics (MC's) to the Department of the Army for
approval. Presumably this procedure should assure their development
on schedule with the parent system and assure that funds are budgeted
for their procurement. However, the only kinds of training devices
that can be predicted at this early stage of development are those with
which to orient personnel in over-all system operation or inert devices
for handling and checkout training.

These nonspecific types of trainers are requested largely
because they have been used with some degree of success for past sys-
tems and because no information exists at this stage on which to base
anything more specific. There may be ample justification for such
trainers. The training objectives for them seem clear-soldiers need
to know how the whole system works and a rugged, safe version of a
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round may be appropriate for handling and checkout training. The
characteristics of trainers to achieve these objectives are outside the
scope of this report. t

What should be made clear is that the nature of trainers to
teach specific skills cannot be predicted until the characteristics of
those skills are determined by a careful and thorough analysis of the
tasks and jobs demanding those skills. If trainers of this type are
required, their development on schedule with the total system has the
best chance of being achieved by conducting the task and skill analysis
integrally with system design and development.

Training Objectives Derived From Task Requirements

Training objectives constitute the goals of a training program and
are composed of detailed statements of what students should be able to
do and what they should know at the completion of training. In order
for such statements to be relevant, specific, and correct, they must be
based upon an accurate determination of task requirements.

The statements of training objectives will, however, differ from the
description of task requirements in several ways. Certain job actions
may be so common as to exist in the repertory of all trainees or so
simple as to be learned readily in on-the-job training. Further, it may
not be economical or efficient to utilize formal training to develop in
trainees the level of skill ultimately required on the job. This amount
of formal training will not be necessary if oportunities for skill prac-
tice will be provided after assignment. It is extremely rare for new
graduates to be made solely responsible for completely proficient job
performance. Rather, it is commonly expected that they will be able to
perform correctly but will gain in skill level with experience on the job.2

The critical difference between descriptions of task requirements
and training objectives is that each objective must be stated in such a
way as to permit the measurement of its attainment. This is relatively
simple where the required behavior is overt or readily observable. It
is not simple in the case of mental activity. Here the manner of mak-
ing the behavior overt, and thus measurable, must be specified in the
statement of the objective. A set of statements of training objectives
can be considered as a set of detailed specifications for a test to cover
everything a trainee should be able to do upon completion of training.

Once training objectives have been established, they will provide
a firm basis for determining course content and will probably be helpful
in sequencing course content.3 They will serve as guidelines to guard

'For mre isfametion os this sbject see: Jobh D. Folley, Jr., Roame F ,act N*&Ao for
Sys•-m Doe~s, AM4040.-FR-.225, Asmeeas hatitate for leseare, Plutbdrk, 1960, pp. 21742W.

00epetwest of Ah Amy, Anmy Traiuig P•icks., Army Replations No. 3S0-1, 24 May 1961,
par. lIe.

'For more detail oe: Arthw J. Hoeba, T. Devel.opment of Training Program for First
EaLstmCa Peorsonrl a Skea•,ok Meineonse MOS'.: II. Now to Aealyse Perfoanmc Objec.
aev* to Doser•mla Traiting Con•te, Reseah Mema•a• m, Training Metbods Division, Himsa
Resources Reqearch Office, January 1960.
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against the omission of relevant content and the inclusion of irrelevant
content. The selection of course content implies, to a large extent, the
choice of those items that are to become a part of the learned knowl-
edges and ikills of the graduate of the course. The following criteria
are suggested for making such choices:

(1) Items are used frequently on the job (e.g., using
a multimeter).

(2) Items require a practiced smoothness, precision, or
speed (e.g., manual tracking on radar).

(3) Items require a complex or difficult perceptual discrimi-
nation (e.g., taking messages in Morse code).

(4) Items are required only for infrequent situations, but a
high speed of response is critical (e.g., first aid procedures)

The remainder of the information required for satisfactory task
performance on the job must be made available in technical manuals or
other job aids. 1 Some suggested criteria for such items are:

(1) Items are difficult to learn or remember because of the
sheer number of details involved (e.g., specific value of
each resistor in an electronic system).

(2) Items are the product of the integration or collation of a
great multitude of other items (e.g., selection of nuclear
warhead for a particular target when many choices
are available).

(3) Items are seldom used on the job (e.g., procedural tasks
for the recycling of nuclear warheads).

(4) Items can be derived from other items, but the risk of
error during derivation or the time required for derivation
is intolerable in the operational situation (e.g., tolerari"-
value at a specific point in an electronic system).

Frequently, an item of information required for on-the-job per-
formance is, in the judgment of training analysts, not appropriate for
inclusion in the to-be-learned category. This means, ipso facto, that it
must be included in the technical manual or another job aid. In such an
event, the problems of coordination can be greatly magnified when the
responsibility for training content and the responsibility for technical
manual preparation are held by different and geographically separated
agencies. The problems could be alleviated if all concerned agencies
were to use the same criteria for categorizing task support data. They
could be even more effectively resolved if, in addition, the coordination
took place on a continuing basis in an integrated action at the point of
origin of the task analysis.

Training Methods to Exploit Principles of Learning

Immediately after relevant content for training is selected, it is
appropriate to choose the method or methods of presentation by which

'For more information see: A.J. Hoehn and A.A. L.umsdaine, Deeign and Vse of lob Aids
for Communicating Technical Informatioa, AFPTRC-TR-5S-7, Air Force Personnel snd Training
Research Center, Maintenance Laboratory. Lowry Air Force Base, Colo., January 19SB (ASTIA
Document No. AD 152 109).
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thle required knowledges and skills may be most effectively incorporated.
into the repertory of the trainee.

Training devices, which provide for learning by doing through
practice, may be considered as one method. The projecting of require-
ments for such items has been mentioned earlier. The most effective
devices have, by their nature, and incorporated in their design, the
means of applying three well-established principles of learning:1

(1) The trainee or learner must participate actively and
continuously in the learning process. Thus the device
must provide questions to answer, problems to solve, job
actions to practice, and so forth.

(2) The trainee must be supplied with reinforcement. As the
term is used here, it refers to the provision of feedback
to trainees immediately after the completion of individual
activities. Receipt by an individual of information regard-
ing the correctness of an activity he has completed will
tend to ensure that he will perform this activity correctly
in the future. Thus the device must provide reinforcement
that is positive, immediate, and as frequent as possible.

(3) Provision must be made for individual differences in
learning rates. Any training method (or device) that does
not allow for these individual differences will, by gearing
the rate of presentation of material at some arbitrary
level, lose some students because they cannot keep up with
the pace, and will lose others who become bored and iridif-
ferent because the class is moving too slowly.

In most military training programs, the lecture or conference
methnd, the practical exercise or ]nboratory method, and the demon-
stration method have, singly or in various combinations, been the
methods most commonly used. A cursory examination of each of these
methods, in relation to the three principles noted above, reveals that
they do not make adequate use of one or more of these principles unless
a student-instructor ratio near 1 to I is assumed.

Recently the concept of "programmed learning" used in the
"automated instruction" or "teaching machine" context has received
considerable attention from personnel concerned with training and
training research. A major reason for this interest is that this tech-
nique provides for trainee participation, reinforcement, and consider-
ation of individual differences substantially more effectively than any
of the more conventional training methods. 2

As the results from research on programmed learning come in,
the nature of the types of training content for which it is best suited

'For more detail ee: R.M. Gape and R.C. Belie., A Review of Factors is Leooing
Efficiency,* is Ausomdc TeacAhng: The Swe of LAe Art (Eugese H. Galanter, ed.), John Wiley
& Sons, New Yak, 1959, Chapter 2, pp. 13-54.

2For amoe inlormation On dhis subject see: Robert G. Smith, Jr., Teaching MacAines and
Pegrammed Ivaction-Some Faotor, to CanWider is implementatios, Research Memoreadom,
U.S. Amy Air Defense Ham Research Unit, Fot Bliss, Texas, Asgust 1961.
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will be determined and catalogued. Enough is known today, however,
to make a beginning in use of this method. This should be considered
for new systems just entering research and development for which a
systematic, integrated development of the personnel support system,
on the order of that described herein, is directed.

Testing Program for Training Quality Control

One final activity is related to the task performance that is deter-
mined in the process of task analysis. This is the specification of how,
and against what standard of proficiency, the trainee will be measured
to permit his graduation and to assure his development to a minimum
required level of capability after assignment. To ensure that training
is taking place and that it is the desired training, the human behaviors
resulting therefrom must be measured against those required by the
job. So it is that performance tests, based upon a description of job
requirements modified with respect to degree of proficiency by training
objectives, should be developed for administration to those presumed
to be ready for graduation and assignment. The tests need not be
developed where the training is given. Time can be saved if they are
devised when and where the basic information is available.

APPLICATION TO CURRENT SYSTEMS

It has been suggested previously that application of the personnel
support system concept be started for new systems entering research
and development. While this need not be the only beginning, it is
believed most effective and economical because complete, detailed task
analysis data are essential for a clear understanding of the materials
to be learned. Little, if any, information of this sort is available for
current weapon systems, and there is currently no operational capa-
bility in the Army training complex for accomplishing this type of
analysis to modify ongoing training programs on a broad scale. In
order to apply this concept to systems in being, provision would have
to be made for developing operational capability in this area.

THE PERSONNEL SUPPORT SYSTEM

The foregoing has been an attempt to illustrate the involved
and interrelated functions that must be carried out, at some time
and place and in some order, to produce a complete training program
ready for presentation to trainees. Traditionally, they are carried out
by different agencies at different times, in different places and with
varying degrees of thoroughness. Then they are coordinated with
varying success.

Such a system tends to foster duplication, delay, and, to some
extent, unnecessary expense. If the work of one agency is dependent
upon the product of another, the first agency must either wait gdelay)



or generate the product itself in some measure (duplication). Formal
coordination of materials that must serve the needs of several agencies
is, of course, necessary. However, reduction would be possible in
printing costs caused by extensive change in the materials, and in time,
travel, and error costs caused in resolving differences among agencies.
This could be brought about by the development of clearer, more defin-
itive criteria to guide the decision-making processes, which cover such
things as the distribution of tasks to MOS's, and echelon of maintenance.
This modification would, hopefully, tend to assure that decisions made
at the working levels would be accepted at higher, authoritative levels
to a greater extent than is now the case.

Except for the administration of training, most of the functions and
products required to develop a complete Personnel Support System are
illustrated in Figure 1. When these are viewed collectively and their
interdependence noted, it seems pertinent to ask why they are done one
at a time and, in some cases, in different places. It should be possible
to accomplish them more effectively for one system all in one place in
one continuing, integrated process. Materiel is developed in essentially
one place (prime contractor or arsenal) in an integrated research and
development program. The human system to support it should also be
viewed as the research and development process it truly is and devel-
oped in "one" place. Where, then, is the most appropriate place?

Task analysis data, which provides the information basic to all
the functions and products discussed above, is itself derived from two
sources: The design of hardware and the military procedures prescribed
for its use. These two, irrespective of their origin, come together by
way of a Developing Agency at the establishment of a selected prime
contractor or at an arsenal. This would seem to be the most appropriate
place to "establish a procedure for exchange of information and a
common understanding among the developing agency, using agency,
supporting agency, and the contractor on all matters of mutual interest
in development projects."1

Under such an arrangement, task analysis data could be acted upon
directly by the required skilled professionals--contractor and/or
military--instead of having to be developed in blocks, printed, and dis-
tributed. For that matter, the task analysis does not need to be printed
and distributed as a formal document at all. It is a working paper and,
when it has "fathered" its end products, it ceases to have other than
historical purposes that can be met by the original file copy.

In "one" place timely, coordinated, and integrated action could be
taken on the specific weapon system human factors Odevelopment proj-
ect" to produce the materials, which could then be applied in the
personnel and training agencies. Results of the application (feedback)
must be available to the developer. This means that capable, experi-
enced representatives of the user (training agency) must be on the
human factors development team. An organization of the work such as

'AR 705-5. 21 Decembet 1959, Par. l5b(&).
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this would greatly facilitate the application of user guidance that
General Powell was referring to when he said "... user guidance in the
design of military equipment is primarily concerned with applying
human factors to equipment design." 1

One way in which the various functions and activities could be
carried out is illustrated in Figure 2. It should be noted that this
model carries no suggestion for a change in the assignment of respon-
sibility for the indicated functions. Rather, appropriately trained
representatives of the currently responsible agencies would be
assigned to carry out working, monitoring, and coordinating activities
as required to achieve each critical part of a total integrated Personnel
Support System. The requirement for working at the developing
agency or in the contractor's plant could easily vary from occasional
visits to full time, depending upon the particular function, product, or
phase of development.

Figure 2 is intended to illustrate some but not necessarily all of
the important agencies, activities, and information flow that might be
involved in the human factors area of a typical weapon system devel-
opment. To further clarify the illustration, the general missions of the
Human Factors Monitor-who is, of course, only one member of a total
developing agency project team-and of the Human Factors Department
of the contractor will be summarized.

The Human Factors Monitor. This individual would have the
following duties and responsibilities, beginning at the early design
phase and continuing throughout system life as required:

(1) Assure the development of human factors information
designed to meet specifically, or be basic to, the differing
needs of the various personnel and training agencies.

(2) Develop the means, contract specifications, work state-
ments, exhibits, and so forth, within an over-all directive
and specification, that may be required by the nature of
the particular weapon system for obtaining the human
factors information.

(3) Train, direct, and coordinate the activities of subordinate
personnel and those representing other Army personnel
and training agencies in accomplishing their assigned duties.

(4) Provide contractor human factors personnel with military
information, such as operational, maintenance, logistic,
and training concepts, plans, and procedures, that will
control, affect, or modify the human tasks required for
effective weapon system performance.

(5) Monitor contractor work in this specific area as needed
to ensure complete understanding of the contractual require-
ments, and effective progress on schedule, and to avoid
duplication of effort.

Op. tit., P. 33.



The Prime Contractor's Human Factors Department. The prime
contractor must demonstrate a human factors capability and have
qualified personnel responsible for conducting function and task anal-
ysis according to the specifications. These personnel will:

(1) Maintain in a central data pool (or have knowledge of
the repository for technical data required for specific
purposes) data that are always current with the stage of
system development.

(2) Evaluate system, subsystem, and component design pro-
posals from Design Engineering in terms of Army personnel
capabilities, and propose or accept compromise proposals
to reduce the complexity of tasks and the training to
support them. They will, of course, follow these proposals
through subsequent development and production..phases.

(3) Conduct tests at appropriate times to determine the
accuracy and adequacy of the task analyses and task dif-
ficulty in terms of performance capabilities of typical
Army personnel.

(4) Be responsible for the validity and uniformity of the
information released to the Army in whatever form is
required -training, technical manuals, and so forth. They
will do this by making certain that all such materials are
based upon a single body of task data maintained current
with tjw stage of materiel development.

The prime contractor will ensure that equivalent human
factors data are generated by subcontractors to cover subsystems
they develop, inasmuch as these data may be independent of the over-
all system. However, he will be responsible for generating those data
dealing with the interface and with the integration of all data into the
central data pool.

Traditionally, contractors have been responsible for providing
key personnel training. The data to support this training will be drawn
from the central data pool.

A LOOK TO THE FUTURE

If procedures such as those discussed herein are adopted, refined,
and become routine, it seems entirely conceivable that considerable
economy may be effected over current practices. With the functions
of the numerous agencies centralized, there presumably would be less
likelihood of duplication or inadvertent multiple payment to contrac-
tors for essentially the same information or products. Such duplication
can occur, as, for example, when different agencies contract separately
for items stemming from the same basic data. Items such as technical
manuals, training for key personnel, and data for personnel specifi-
cations and MOW descriptions are generaly developed by different
contractor departments--Technical Writing, Customer Training, and,



possibly, Human Factors.1 It would not be unusual for each depart-
ment to generate the "same" basic data in support of their different
end products. This not only increases the cost but offers a likely
source of subsequent confusion if the basic data do not turn out the same.

An objective may be rmised to the effect that task and skill analysis
are not needed for portions of new weapon systems that may be adopted
or adapted from a system in being. The rationale advanced may be that
"we know how to train people to operate and maintain this part of the
equipment." This may, of course, be true and the pace of development
of the Personnel Support System may be accelerated by the use of exist-
ing data. However, unless the existing training for such equipment has
been based upon task analysis it should be adopted with some reserve.

Most HumRRO training research has been effective in improving
the efficiency of current courses by following procedures essentially
equivalent to those described in this report. For example, Task FORE-
CAST 2 demonstrated for an electronics maintenance MOS that experi-
mental training, based on a "cue-response" type of task analysis and
requiring less than half as much time as the standard course, produced
graduates who were, for practical purposes, equal to standard gradu-
ates in proficiency. As more Army training is based upon procedures
such as these, however, it would be appropriate to use existing data
for subsystems that are incorporated into new weapon systems. Only
the problems occurring aL the interface-would require new analysis.

In looking to the future, one additional area will be discussed briefly.
This concerns the development of methods for the management of the
central data pool so that it can quickly, accurately, and efficiently sup-
port the various products dependent upon it. It is believed that attention
given to this area would produce most fruitful results.

The purpose would be to develop systematic procedures for gather-
ing, codifying, and organizing the multitudinous bits of information
resulting from task and skill analysis so that any change could be

'That this type of duplication could occur was demonstrated is the NIKE ZEUS effort.
Phases I and II of the Task and Skill Analysis, Notes on Development Type Mhteriel/Traisiag
Manual, and the Maintenance Allocation Chart efforts were belag peaeued concurretly in differest
organizatioas of the contractor's establishmet. In Jutsificaties of a reconmneadation to cancel

the detailed T&SA, Phase 111, the following par. 4e is quoted from a USAOMC letter MRDXR-RME,
to CG USCONARC, Subject: NIKE ZEUS Task msd Skill Analysis ea" Tnwlsag Aids FessfbIly
Study. 27 November 1961:

The detailed Task and Skill Analysis effo, if eired, ,sild be condwted
concurreatly wish the Net.s on D~v#nentssa type Neterief/TrsiAEf ~a~uW
effort mnd4 iused is he* of Tecknicei RaaisaL menU represent a coetly dppli
catiOn of effort 6y separarte orgsaisatdaae in tAe esOtWWt~ .riSOOiM.

Notes o*a Dvelopeent Type hm el/TFalsag Mltual. wa pru"My" "441W moeel w *,
R&D verlo of wht will later •enewe tedemicl Ommua. Tley wre peds, bN e eb to
traea their own. n Amy personnel who wiU sall in emloseette tesm They se " wod fw
key perseamne training and for plamle tnaling ceetivels if the skd.inale. I s Wee at
trabiniug stagaleNoe odueed.

%4wp L.. Swiw, Detwrauigsla Trwis#a Reqaireaseato for lkeeeasa System Meiateasaee:
1Pet'elopmentn anit7ett of a Nett. #etWo of SAW~ and T;;mrwledge 4n*lysi, Terekal~t Re"r GS,
New"a 1144009"s.. earh (fWINe, Ue "auq~hi•S mm• . 4d



readily incorporated and any desired combination of information could
be quickly and efficiently retrieved. Depending upon the size and com-
plexity of the man-weapon system and the resulting amount of data,
the means of storing the information might range from a set of indexed
or key-sort cards to magnetic tapes for use with automatic data
processing equipment.

As illustrated in Figure 2, the contractor's Human Factors Depart-
ment would be the recipient of all information on changes in weapon
system equipment and procedures which would affect human activity.
This unit would retrieve the original task entry from the pool, evaluate
and record the effect of the change on the original analysis, and reinsert
the task entry in its appropriate place in the mass of data, manually or
by machine. This means of maintaining currency of the central pool of
data would permit reproduction of all or specified combinations of the
data for such purposes as may be required. Automatic reproduction
from cards or taped storage media is possible and may well be eco-
nomically practical with large and complex systems. Such reproduction
could produce copy requiring only simple editing before publication
for distribution.

Some of the factors to be considered in designing a coding system
for selecting categories of information are fairly clear. The activities
comprising the job a given individual can perform are governed by such
things as time, place, equipment, and classification, such as operation,
maintenance, troubleshooting, or repair. Maintenance tasks should be
coded by echelon, in accordance with the maintenance concept for the
system, in order to sort out those tasks appropriate for performance
by the organization, by ordnance, and by depot. Coding would also be
possible for selecting the information required for inclusion in operat-
ing, training, and technical manuals. It may be possible to select
information from the basic data at a higher duty and task level to pro-
vide the more gross job description and personnel specifications.

The coding methodology could be developed most effectively in
connection with a decision to implement procedures similar to those
described in this report for a'weapon system about to enter research
and development. Its purpose would be to produce a generally appli-
cable method of data handling.

Some efforts were expended in this area in connection with NIKE
ZEUS but only within an individual training planning agency to satisfy
its own needs.' Some experimentation in this area has also been done
in the Air Force Systems Command.S-1 A coding system has been
developed which is appamatly quite successful and which would appear
to serve most, if not all, of the objectives listed above.
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PERSONNEL CONSIDERATIONS IN IMPLEMENTATION'

Implementation of the concept of a Personnel Support System
development process discussed in this document cannot be accomplished
solely by ordering it. Orders must, of course, be given. They cannot
be carried out effectively, however, unless appropriately qualified per-
sonnel are available to take the necessary actions. Consequently,
attention should be directed toward the qualifications required for
key positions within the military and the means by which personnel
with these qualifications may be obtained.

Key Positions in Military Agencies. A human factors position
should be established in each developing agency, combat arms and
technical service school, and supporting agencyif one is not currently
in being. This position should have the responsibility and authority to
direct and coordinate the human factors efforts as they pertain to per-
sonnel and training requirements for all weapon systems for which the
agency is responsible.

These efforts include: (1) the development of basic job-task
requirements data; (2) their analysis, interpretation, and collation to
support the development of the particular end item for which the agency
is responsible (training objectives, content, methods, devices, technical
manuals, etc.); (3) the production of that end item. In addition, this
position should bear the responsibility for the professional evaluation
and approval of the human factors competence of bidding contractors
as it pertains to the mission of the specific agency. (p. 42)

Personnel Qualification Requirements for Key Positions. The
scientific and technical qualifications that personnel should have for
assignment to these key positions cannot be recommended on the basis
of any systematic study. No such study is known to have been made.
However, it is possible to make recommendations on the basis of the
qualifications of persons considered to have been sucCessful in doing
such work and in advancing the human factors state of the art. (pp. 12-84)

Most of these people have (1) had a firm grounding at the
Ph.D. level in the behavioral sciences, with emphasis usually in experi-
mental or industrial psychology; (2) some training and/or experience
in engineering; (3) knowledge of military practices and procedures
concerning man-weapon system development through employment by
or membership in one of the departments; (4) a thoough knowledge of
research leading to the current state of the art of building a complete
Personnel Support System.

The above may seem to be ideal spi and most
difficult to obtain. While this is admitted, it shald be sot edthat tMese
qualifications are being proposed for what must be aatohiaive and
thus critial positions if a marked degree at sucess is to be attiaied.
If such personnel cenmot be fomu within the Aftsy Wn *.E~kft* Muat
beor, they can be oemtplod tn a civilian capacty or Wan emoft
consultative basis until such proftesional human fefto, om"ss
is developed In military personnel



Essentially equivalent specifications are suggested for the key
position in the different agencies. This is done because the effective-
ness of the products of each agency is dependent upon the efficient
inter- and intra-functioning among all agencies in an integrated program
aimed at a single common goal. Developing the routine procedures
for the smooth operation of such a program and resolving the unpredict-
able day-to-day problems inherent in such a task justify the require-
ment for uniform qualifications of incumbents.

Subordinate Positions in Military Agencies. While the key positions
should bear responsibility for human factors functions and products of
different agencies for all weapon systems, subordinate positions should
bear the responsibility for individual systems. These positions would
be responsible for following over-all procedures in carrying out the
functions or developing the products required by the mission of the
agency. This would involve the direction and/or the conduct of neces-
sary "precoordination," with peers of other agencies, on matters of
mutual importance-that is, distribution of tasks by echelon, MOS, and
so forth-to minimize final official coordination by parent agencies.

Such work may require part-time or full-time work in the
Developing Agency Project Office or a prime contractor's plant. The
latter would include monitoring human factors data production, analy-
sis, interpretation, collation, test, and so forth, and timely use of
information as appropriate to the parent agency mission. (pp. 40-42)

Personnel Qualification Requirements for Subordirate Positions.
With appropriately qualified personnel in key positions of each agency,
requirements for those in subordinate positions can be somewhat less
strict. However, the requirement to work independebtly; in locations
away from the home agency, does not provide optimum conditions for
close supervisien and training by the superior. It is believed, therefore,
that a fundamental grounding in the behavioral sciences (M.S. level
preferred), with specialization in the area appropriate to the mission
of the particular agency, is the minimum professional qualification
that should be considered.

Since military experience is considered extremely important
in these positions, it is believed most desirable to select appropriately
interested and experienced officers for special training in the pertinent
human factors areas. These areas could be covered in a year of train-
ing at the graduate level in a program designed for this purpose. Grad-
uates would be awarded the Master of Science degree in psychology.
(pp. 23-24)

Additional Positio. There will, of course, be additional positions
subordinate to those having responsibility for the mission of an agency
for a specific weapon system. While college training in the behavioral
sciences and education would be most desirable, it it believed that high
school graduates of above average intelligence could be readily trained
to fulfill the specific requirements of these positions.

These requirements may be relatively narrow in scope, closely
aligned with tb objectives of the agency. They will involve the appli-
cation of proce4ure, dzrected by the superior, to data flowing from the
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system. In the organizational maintenance training area, for example,
individuals with one to two years of satisfactory instructional experi-
ence might well learn quickly the techniques of developing training
programs from task analysis data. As training analysts in equipment
areas, for which their experience is relevant, learning the new tech-
niques and their application could very likely be accomplished on the
job under close supervision.

Further Considerations. The qualitative personnel requirements
listed above, particularly for the key positions, are admittedly judg-
mental in nature. It would seem most appropriate, therefore, for
the Army to enlist the aid of the Subpanel on Human Factors of the
Army Scientific Advisory Panel in reviewing and delineating them
in more detail. It might also be appropriate for this Panel to aid in
obtaining suitably trained and experienced professional personnel for
these positions.
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Appendix A

A STRUCTURE FOR PROVIDING HUMAN FACTORS INPUTS
TO WEAPON SYSTEM DEVELOPMENT AND THE

PERSONNEL SUPPORT SYSTEM END PRODUCTS DESIRED

Introduction

This appendix has been prepared to describe, in more detail than
sppeared appropriate for the report itself, a structural framework for
making human factors inputs to weapon system development. Such a
structure is necessary if the interdependent functions are to be properly
coordinated and accomplished with maximum efficiency and economy
by the professional personnel who are assigned responsibility for them.

In addition, certain data, and end products based upon them, are
needed to support the development of the skilled human performance
capability required by the weapon -system. The end products are
described briefly in this appendix, and some problems concerning where
and by whom they should be produced are delineated.

Additional detailed information on the Personnel Support System
is presented in Appendix B, which describes the PSS research and
development process as it would operate during the development of a
weapon system.

A Structure for Providing Huion Foctwrs Inwb

At the time a Qualitative Materiel Requirement (QMR) for the
development of a new weapon system reaches the stage where support-
ing documents, standard Army specifications, and so forth are to be
prepared for requesting proposals from contractors, a Weapon System
Management Office (WSMO) will be established. It should be respon-
sible for all human factors activities relative to the system, along with
the other elements that make up such an office.

The WSMO would be a joint field activity with representatives from
the developing agency, the training schools, and the user. It would inte-
grate, coordinate, and monitor the system-oriented activities-including
the Personnel Support System (PMS) activities-of the participating
functional agencies during the development-production cycle.

Figure A-1 illustrates how the necessary human factors functions
for a hypothetical missile system are interrelated. In this block dia-
gram the missile, ground support, facilities, and materiel support
blocks with appropriate subordinate functional blocks should be assumed
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on the line with the Personnel Support System. All might be shown
under the QMR or a WSMO manager.

The Intordopendent Humon Foctors Functions
Comprising the Personnel Support System

I I

_ r-- -
PERSONNEL SUPPORTSYSTEM (PSS)

FACTORS SELECTION
INGINEERINGL BASIC PR)I

DATA POOL

I I

TRAINING
AND TECHNICAL

TRAINING PUBLICATIONS
EQUIPMENT

Figure A-I

In Figure A-1, the various human factors functions are shown
grouped around the Basic Data Pool, to which they contribute and/or
from which they draw data that are essential to the fulfillment of the
various agency responsibilities. Currently responsible for these
functions-and consequently required to have qualified representatives
in charge, under the PSS concept-are the following:

(1) Technical Services-Human Factors Engineering; Techni-
cal Publications; part of Training and Training Equipment.

(2) The Adjutant General's Office--Personnel Selection (Quali-
tative and Quantitative Personnel Requirements-QQPR).

(3) User and User Schools-part of Training and Train-
ing Equipment.

The arrangement of functions should be parallel in the WSMO and
the contractor's establishment. This will facilitate monitorship by the
individual agency iepresentative of the activities of his counterpart on
the contractor's staff,

52



Personnel Support System End Products

Army and/or Contractor Preparation of End Products

The extent to which it may be beneficial and economical for the
Army to have contractors produce PSS end products depends upon sev-
eral variables, among which are:

(1) The human factors professional competence available on
the contractor's staff as compared to that in the Army
agencies involved.

(2) The nature of the end product.
(3) The willingness of the Army to pursue the concept of

conducting the PSS research and development process
in one place, in view of the administrative problems
involved (see pp. 37-40).

At a minimum, the activities of contractor human factors per-
sonnel will consist of the production of data basic to the end products
of the Army agencies. The monitor and his staff would then use these
data to prepare the end product. For example, contractor-produced
task and skill analysis data might be used by TAGO personnel to pre-
pare a Qualitative and Quantitative Personnel Requirements Report.
On the other hand, in addition to producing the basic data the con-
tractor might produce the end product, the QQPRR, under monitorship
of a TAGC representative.

On two functional areas in particular--personnel selection (QQPR)
and training-there is need for a definition of the limits of efficient
contribution to the end products by the contractor's staff. An opera-
tional test of the concept, as recommended in this report, will produce
evidence on which .o make more objective judgments than can be made
at this time.

End Products in PSS Non-Training FPnctional Areas

Training Equipment and Technical Publications

The *hardware" components of the PSS-the training equip-
ment and the technical publications -currently are developed esential&y
to their final configuration by curtractors under Army monitorship.

Personnel Selection

It would seem advantageous to have contractors prepotr a
Qualitative and Quantitative Personnel Requirements Report. It should
be used upr i the task and skill analysis data in the basic data pool and

'Mhe term "ad product' is ased in a p60800 SeON AbeSon ."e ae"t"e. It lseludes sy
PSS elemast that must be deveoped to support oter products e poeerws dtt utidmely lead to
proficient peretmace as the operational system. U13 teak d skill soalysse, if fomally pub.
lished and distributed, cou he coasireved en end product eves •oug• te da ae basit to other
end pmroucts (e.g., QQPR, tetbhamcl magsels, trlsi.g props, mtauiag eqalpmat).



the operations and maintenance plans. It should provide job descrip-
tions and recommendations of the numbers and kinds of Army personnel
required to operate, maintain, and control the system. With the help
of the Army Personnel Selection Monitor, these jobs should be iden-
tified by MOS. Monitor personnel should supply the estimates of job
proficiency levels.

It does not appear that contractor personnel should supply
estimates of aptitude requirements such as minimum Armed Forces
Qualification Test (AFQT) scores. It would seem that this function can
be better handled by the professional staff in TAGO.

Training End Products and PSS Considerations

Within the area of training, the ultimate end product is, of course,
the trained man. Short of this, however, there are many items and
processes with which the contractor must be concerned, if he is to
produce a maximally operable and maintainable man-weapon system.
Some but not necessarily all of these, beginning with the most basic,
are discussed below.

(1) Task and skill analysis data. These data result from an anal-
ysis of the interrelationships of functions performed by system
personnel and system hardware. They are maintained in the
basic data pool and are drawn upon by human factors special-
ists to prepare other Personnel Support System elements.

A given task (e.g., a procedure), as it will be performed on an
operational system and consequently be a basis for training,
is the product of an evolutionary process. Initial analysis may
have suggested equipment design change that reduced the com-
plexity of the task. Further analysis may have suggested an aid,
checklist, or other means of storing readily available informa-
tion, which further reduced the knowledge requirement. In its
final form, then, the task a trainee must learn is that which
results from this process, including incorporation of the per-
fected aid.

Insofar as all the products dependent upon these basic data may
be developed where they are generated, by either contractor or
Army personnel, a formal task and skill analysis publication
would not have to be distributed.

(2) Joband manpower requirements information. Supplementingthe
QQPRR already discussed, the detailed task and skills data must
be grouped into jobs to determine what individuals must be able
to do when finally assigned to the system in the field. The num-
bers of personnel required may be determined from the QQPRR,
but the job descriptions sufficient for that document do not pro-
vide enough information for developing training programs.

(3) Training objectives. While the preceding step reveals what must
take place on the job, it does not prescribe that all included



therein must be a part of the formal training programs. Grow-
ing out of a study of the operational and maintenance plans,
environments, facilities, etc., as well as the nature of the tasks,
skills, and knowledge that must be acquired, will be a selection
of the portions of the training that are best suited for formal
school, unit, or on-the-job training programs. The training
objectives must be stated in terms of specific descriptions,
concerning each task or group of related tasks, of the overt
behavior expected of a trainee at the conclusion of training.

The fact that some individual trainees or groups of trainees
may be expected to already have certain of the required knowl-
edge, skills, and abilities should not preclude the spelling out
of a complete list of objectives and their assignment to the dif-
ferent kinds of training programs. This procedure will prevent
possible omission of important items, and will permit modifi-
cations when pretest or other measurement indicates that the
skills are present in groups of trainees.

(4) rraining content. Training content must be selected and
designed specifically to achieve the training objectives
quickly and efficiently. Only the content that can be demon-
strated as relevant to achieving the behaviors described in
the objectives should be included. Nice-to-know, theoretical,
and advanced information for more technical jobs may be
available for the motivated trainee. Inclusion of such infor-
mation in the training program, however, not only might be
irrelevant and wasteful, but might actually interfere with the
most efficient attainment of the specific training objectives.

Training content may be presented in the form of lesson plans.
It should, in any event, be designed for presentation by specified
training methods and make use of training equipment designed
in coordination with the requirements.

(5) Training methods exploiting learning principles. Selection of
methods to be used in training is a step not readily separable
from selection of training content. Suffice it to say that as
content is developed for any given method, careful attention
should be given to assure that the presentation (a) is meaningful
in terms of the future job already thoroughly described, or is
associated with already learned materials; (b) causes the trainee
to be active in the learning process; (c) provides him with feed-
back as to the accuracy of his attainment; (d) avoids interference
or conflict throughout the course or program of courses and, if
possible, with other firmly entrenched learning or habit; and
(e) makes provision for individual differences in abilities,
experience, and motivation.

The relationship of training method to training equipment should
not be overlooked. There are occasions in which use of job,
task, or part-task trainers is the most effective method of



implanting skills, knowledge, and abilities. Requiring the sys-
tematic buildup of complete training programs in this manner
during system development may well provide, at this training
content-method selection stage, insights as to training equip-
ment requirements that were not possible at the earlier task
and skill analysis stage...

(6) Proficiency tests to measure attainment of objectives. The
final PSS end product, short of the trained man himself, is the
package of job proficiency tests based upon the training objec-
tives to measure their attainment. If the training objectives
properly represent the tasks that comprise the job, a job per-
formance test based upon them should adequately represent the
predicted job.

These tests must be objectively scorable. The standard of
proficiency may have to be set somewhat short of that desired
after job experience. Job proficiencytest problems and scoring
procedures must have certain characteristics:
(a) They should be stated in clear, unambiguous tierms so that

the student knows exactly what task he is to perform, and so
that the testing personnel know exactly how to score the
various kinds of performance.

(b) The test should permit diagnosis. For example, where long
and complex performance is required of the student, forms
used by the examiner to assist in scoring should be so
designed that they will identify just where the student
goes wrong.

(c) Te~ts should be so designed that failure to perform signifi-
carnt items correctly will not be hidden by successful per-
formance of insignificant items. This can occur when all
items are scored on a percentage basis. Consequently,
significant items should be identified, and scored on a
pass-fail basis.

(7) The trained man. As stated earlier, the trained man is the PSS
final end product in the training area. Contractors have trained
Army personnel in the past but these individuals have, however,
been much more highly qualified than the mass of trainees the
Army must train in its schools. Because of their unusual level
of ability, training for key personnel has probably never been
as formally structured and administered as the training
described in the preceding steps. Some training of key per-
sonnel has been described as being so informal as to consist of
reading the technical literature, "looking over the shoulders" of
contractor technicians, and viewing and working with hardware
prototypes. While this of course has had value, it can hardly
be juaged to be comparable with the systematic procedures
described here as a means of obtaining training data and struc-
turing school training programs.
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If contractors were required to follow such systematic proce-
dures in building training programs for key personnel, these
program materials would appear to be a most desirable PBS
product. The cost of their development should be included in
the cost of key personnel training. If the Army pays for such
training it is entitled to prescribe the manner in which the
program is developed. The above procedures have built-in
quality controls that will go far in assuring that the end prod-
uct, the trained man, is of the quality that the Army desires.

The final step in training program development remains for con-
sideration. If the program prepared by the contractor has been
designed for training highly qualified, experienced key personnel, its
objectives, content, and tests will have to be reduced in complexity to
a level appropriate for the training of less well qualified trainees. The
choices to be made as to where, and by whom, this work should be done
may be stated as follows:

First, should the training program be developed at the prime
contractor's plant or at Army schools ? Then, if it is decided
that the program will be developed at the contractor's plant,
should the work be done by contractor or by Army human
factors specialists?

The three major alternatives for training program development
therefore appear to be ,-. at the prime contractor's plant by contractor
human factors personnel, (2) at the prime contractor's plant by Army
human factors personnel, or (3) at Army schools by Army human factors
personnel. Various aspects of the advantages and problems involved
are discussed below.

Should the work be done in the contractor's plant or in Army
schools? Accomplishing the work at the place where the basic data
are generated has a number of advantages:

(1) Work can begin at an earlier stage. As soon as task and
skill analysis data begin to accumulate, they can be studied with regard
to the requirements they impose for training. This examination, coor-
dinated with consideration of aids and training equipment, may well
provide valuable feedback for the human factors engineers on the design
team. Thus training problems are introduced for consideration while
the design is still fluid, much more readily than would be the case when
the systematic program development takes place at a school remote
from the system equipment development following production and publi-
..ation cl by this time, relatively frosen data.

(2) Tasks are less subject to change. When tasks are initially
analyzed and considered from all points of view, including training, the
version of the task that finally emerges is much less likely to change
later in a manner that will affect training objectives and content.

(3) Quick response can be made when tasks do change. Admin-
istrative procedures requiring that task data be coordinated with train-
ing materials will ensure that the changes are evaluated for significance
for training. Any required modification can then be incorporated in
materials already prepared.
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(4) Manpower requirements for training program development
can be predicted. Weapon system hardware is developed according to
a well-defined and quite firm schedule with associated rewards and
penalties. Requirements for manpower for workon the training program
can begin at quite a low level. As.the volume of data increases with
the progress in hardware development, more manpower can be assigned.
The relationship between the two curves (manpower needs and hard-
ware development) can be measured. When this relationship can be
determined in the individual contractor plant, the rise and ,fall of
manpower needs for work on the training program can be quite firmly
predicted well in advance.

(5) No publication and distribution of basic data is required.
This point was mentioned in Par. (1) but requires some. further elabo-
ration. Publication and distribution of task and skill analysis data
requires a sizable and expensive manpower effort. It involves explana-
tion, organization by echelon, and publication processing, generally at
some milestone well along in system development. Later issues must
be published to cover changes that occur.

On the other side of the coin, commanders of Army training estab-
lishments have a well-recognized concern for the quality of their train-
ing programs--indicated, for example, by requirements for frequent
briefings by their staffs during program development. The extent to
which they may be willing to delegate to a training monitor, however
professionally qualified, responsibility in this important area at a
distant location is an unknown. They may tend to prefer having the
training programs developed by their own people at their own posts.
Such feelings might be counterbalanced by the presence on the com-
mander's staff of a broadly trained and experienced human factors pro-
fessional-one of the key positions described in the report (see p. 46).
As steted earlier, only an operational test of the alternatives can yield
anything better than opinion at this time.

Should the work be done by contractor or Army personnel, if done
inthe contractor's plant? Assumingtotal training program development
at the contractor's plant, the question of preparation by contractor vs.
Army personnel needs examination. The main advantages of contract-
ing for complete training programs may be summarised as follows:

(1) The most obvious result would be the reduction in num-
bers of Army personnel needed on the training monitor's staff. It is
possible that, once complete T&SA data are being produced and con-
verted into satisfactory training materials, only periodic monitoring
would be required.

(2) The administrative problems associated with having a
varying number of qualified Army military or civilian personnel work-
ing away from their permanent duty stations would be minlimised.

(3) Because of changing military duty assignments and varying
lengths of tours, particularly among enlisted men, the Army might
find it more difficult than would a contractor to maintain a single group
of training specialists from the beginning throughout the period of
system and training program development. Continuity would seem,
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clearly, to be a desirable factor in the efficient production of any given
training program.

(4) Military experience and its significant influence upon the
design of operator and maintenance training could retain its emphasis
under the contractual arrangement. Retired Army personnel with this
experience are frequently found on defense contractors' staffs. In addi-
tion, officer monitors are expected to review contractor output from
this point of view. Officers selected for specialized training in human
factors would be expected to have a predetermined amount of experience
in the branch for which the system is being developed.

(5) A more integrated attack upon the total training program
can be made by taking full advantage of the work done for the key per-
sonnel training. This would be true whether the work was done by
contr'tctor or Army personnel, but less duplication is probable if one
integrated group does the whole job.

Army personnel working in the schools. The third alternative is
the development in the schools of training programs based upon data
supplied by the contractor after approval by the WSMO. Objections to
this, reflected in the preceding discussion, include a reduced ability to
conduct the operation integrally with the production of data, delay while
waiting for formal publicaticn of data, and the expense attendant thereto.

These objections can be overcome, to some extent, by dispens-
ing with the formal publication of task and skill analysis and other
pertinent data at some system development milestone. Instead, task
data approved by the WSMO Training Monitor may be sent to the appro-
priate schools on a week-to-week basis as working papers. In other
words, at the same relative time the monitor would release data for the
beginning of training program preparation at the place of their origin,
he would send them to the school. This would permit gradual manpower
buildup as the volume of data increased. In case of an interrupted flow,
it would allow the skilled training analysts to be used effectively on
other programs in the school. Such an interruption, if these people
were working in the contractor's plant, might leave no alternative but
idleness. And, of course, the administrative problems involved in
maintaining larger numbers of service personnel away from their
permanent stations would be eliminated.



Appondlx S

THE PIRSONNEL SUPPORT SYSTEM RESEARCH
AND DEVELOPMENT PROCESS I4 OPEAT"ON

"Throughout this appendix appropriate materials have been
drawn or adapted from the following document:

Hq, Air Force Systems Command, Handbook of Instruc-
tions for Aerospace Personnel Subsystem Designers,
AFSC Manual 80-3, ASD (ASNXH), Wright-Patterson AFB,
Ohio, 1 July 1961....

Personnel concerned with implementation of recommendations in
the basic report or further expansion of the discussions contained
in this appendix should consult this document.
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Detailed information on how the Personnel Support System Research
and Development Process (as it pertains to training) should operate is
provided in this appendix, as an aid to achievement of the objectives
stated in this report. toward this end, illustrative actions to be taken
by key civilian or military human factors specialists will be traced,
from the establishment of a Qualitative Materiel Development Objec-
tive (QMDO) through all stages of development, production, and opera-
tional use of a hypothetical weapon system.

The major milestones in the chronological development of such a
system are shown in Figure B-I. The same order will be followed in
this appendix in discussing human factors inputs concerning the major
milestones. It should be noted, however, thit the PSS activities occur-
ring during the design and dcvclopment ctagez are interdependent and
to a large extent progress concurrently rather than chronologically.
Also, while the man processes and products are shown as separate from
machine development, this does not mean that they are developed sepa-
rately. Rather, as indicated by the arrows between them, there should
be a constant interchange of data, coordination, and action to seek
optimum man-machine solutions.

In those cases where the design and development of weapon systems
are accomplished by contract with industry, the Army human factors
specialists will be concerned mainly with providing the specifications
for the various PSS products the Army needs, interpreting when neces-
sary, and monitoring their production. When the Army elects to design
and develop a total system itself, as in the case of the JUPITER, these
human factors specialists would develop the personnel support system
products themselves. Their functions would change, at the time a
production contract was let to industry, to one of monitoring to see that
changes occurring in the production process would be reflected in the
final products. In the following discussion it will be assumed that the
system is being developed under contract with industry.

The QvWl tveif MterII OeveIp. ObjeteI.. (@090)

Characteristics of the QMDO Staoe

The Qualitative Materiel Development Objective in a statement,
approved by the Department of the Army, of a military need for develop-
ment of new materiel, the fasIbilty of which vaotw be determined
sufficiently to permit the e h I of a "Itative N ,OU41el
Requirement fQ1M. It theref"e is .vody stotd as a pal Wwad
which research efftrts should be directed.$
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A QMDO may originate from a need to counter or surpass the known
capability of our own or potential enemy weapons. The advent of a
successful ICBM, for example, caused the immediate recognition of a
need for defense against it.

During the QMDO stage, the state of the art in all pertinent areas
is searched to determine whether, for example, the technology that
could produce the threat could produce a defense. A variety of theories
or hypothetical solutions may be advanced. Some of these, separately
or in combination, may be known to be feasible and capable of accom-
plishment within scientific, technical, production, time, personnel. and
budgetary means. Others may require an extension of current capa-
bility. For example, a missile may have to go farther, higher, and
faster and kill a smaller target than ever before, with greater reliability.
Yet, even with this greater capability, it must be simple to operate and
maintain by people whose psychological and physiological limits have
not advanced in any measure comparable with the limits constantly being
extended by the technology. In addition, it must be practicable to train
the bulk of these people from a position of relative ignorance, in a
matter of weeks, so that they can perform their jobs proficiently for a
significant portion of their single tour in the Army.

Combat development study projects are directed toward a deter-
mination of operational concepts and techniques, new organizations, or
qualitative materiel requirements for the Army. The Chief of Research
and Development (CRD) maintains a continuing emphasis, in basic and
applied research and component development, to provide (I) the requi-
site state of the art for support of systems developments and (2) a
sound basis for determining, before initiation of projects, the technical
feasibility, time required, and cost of the project.

Human Factors Inputs at the QMDO Stage

Since the QMDO stage is concerned only with system functions,
requirements, and design parameters, without assignment to man or
machine components, human factors specialists can make no significant
contributions for a specifi weapon system at the QMDO stage. The
only human factors research and developmental work that would be
appropriate to a given objective at this stage would be basic in nature,
contributing to our knowledge of man s capabilities. Also of value during
this period is a continuing compilation of the characteristics of personnel
coming into the Army, which will provide the best estimate of the men
who will be available to the Army in the future, at least during peace-
time. This type of research, nonspecific to a given system, is the responsi-
bility of CRD. It provides data which can be applied, in subsequent stags
of system development, by the human factors specialists assigned to
specific systems or projects, those with whom this report is concened.

Army Regulations 11-261 and 706-5 direct that qualitative and quan-
titative personnel implications and feasibility of training individuals and

4hspwanmn of & Aimy, Aimy ?v^tWo Ra4CU*& oif Lead Fine, Army'Rep~atmsNo. l1-*S 27 hpwmbw 91 aet. KI.
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units within a specified time period will be determined as a part of the
determination of the total feasibility of each major research and devel-
opment systems requirement. It is difficult to see how any of these
things can be done with any degree of validity at a time preceding the
issuance of a QMR. It is worth noting that the QMR itself specifies1

that 'The statement should avoid dictation of the actual technical
approach, but must describe what the equipment should do and specify
both upper and lower performance limits." Equipment can do nothing
in isolation from human input (control, operation, maintenance). Human
input appears to be inseparable from technical approach. Unless some
technical approach is assumed, it would seem impossible to estimate
in any sipecific, reliable way how many of what kind of people would be
required to man a system, or how long it would take to train them
to do so.

It is nossible to stipulate numbers and characteristics of personnel
as constraints upon design (e.g., desired crew size). To do more than
this would be to duplicate what must be done at a later stage following
issuance of a QMR and Requests for Proposals. At this time, one or
more contractors make feasibility studies and propose their solutions
for development of a system to satisfy the approved QMR. Under
present regulations, prior to issuing an approved QMR, it seems perti-
nent to ask how the feasibility of training individuals and units within
a specified time can be determined when the functions man will fulfill
in the man-machine combination have not been specified. Until it is
known what tasks a man must perform, it appears unrealistic to expect
dependable estimates regarding what training he will require or how.
long it will take.

The Army may, however, elect to design- a-system thaf-includes
the analysis of functions and their assignment to man and/or machine
components in what is construed to be a systematic feasibility study.
In this case, two modifications of present procedures would seem to
be appropriate:

(1) If the feasibility investigation is successful, the statements
in the QMR should dictate the technical approach.

(2) Human factors specialists should be involved. The extent
to which they should or might be involved will be described
in the sections to follow, which will trace the course of
systematic development of a PS8 concurrently with mate-
riel development.

the ,oO 0.hotivo MeOrtot *qto .ewionot• l

Function of the MR"

"The QMR serves to state the matiel needs of the user in terms
of fundamental characteristics and to relate materiel to the operational
and organisational context in which it will be used. QMR's are stated
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at the earliest time after the need is recognised and feasibility of devel-
opment has been determined. 1 *Military characteristics (MC) will be
included in the statement of the QMR, thus eliminating the MC as a
separate document except for those items requiring approval of the
Atomic Energy Commission."2 An approved QMDO may evolve into
one or more QMR's;

Human Factors Inputs at the QMR-MC Stage

For the same reasons given for the QMDO, there can be no human
factors inputs specific to a given weapon system in the preparation of
a QMR. It is possible, however, to make non-system specific statements
which would be more meaningful than those contained in current MC's.
regarding the constraints upon design created by the type of personnel
available to the Army for operation and maintenance. For example,
"men who will be trained to maintain this system must be able to learn
the job in 2 weeks df training when the range of aptitude of trainees is
X to X as measured by the Aimed Forces Qualification Test (AFQT).*
Providing ever more accurate data and improved descriptions of the
characteristics of people falling within this range is the continuing
responsibility of human factors research agencies under the CRD. Such
information would increase the ability of design teams to make use of
human factors data in systems they propose.

There are three activities of a general nature that human factors
specialists should accomplish with respect to a QMR-MC:

(1) They should review the QMR-MC to assure that all state-
ments that have connotations for personnel requirements are as
complete as the state of their art will permit. For example, on a
requirement that a system be capable of remaining on the air 23 out of
24 hours, the maintenance aspects can be made more meaningful by
stipulating the constraints. The limitations that are prescribed-such
as on availability of spares, or system redundancy-havesignificance
for design, with regard to ease of maintenance and the consequent length
and complexity of training.

(2) They should review the QMR-MC to assure that no require-
ments are included that cannot be justified at this stage. For example,
MC's for MAULER' and FABMDS4 are quite specific with respect to
requirements for certain training devices. These requirements read
very much alike and require very similar devices. This suggests that,
to comply with the AR direction that requirements for training devices
be included in MC's, and for lack of inspiration or knowledge of the
most appropriate statements to be made at this early stage, the form
sometimes is completed by indicating the same types of requirements

'AN 706&5, 21 D,.... MOP.
'*A 11-M, 27 S pum 1*1.
-See AU Royakmewo for MAULER fwu#r Am. Guidd ti Sys. (U),
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that were approved for the last similar QMR.A When these statements
subsequently are strictly interpreted as requirements for specific train-
ing devices, more efficient solutions to the problem are not found
because they are not sought.

In addition, at least for FABMDS for which the MC's were
approved before contractor feasibility studies were made, the MC's
appear to anticipate what the eventual system will be, before its func-
tions have been assigned to man or machine. As stated in the main
body of this report (see pp. 33-34), there may be justification for some
general, over-all trainers based on experience. However, human factors
training specialists would avoid stating that models, cutaways, mockups,
etc. are required until such time as an analysis of the specific tasks
and training requirements indicated that such devices would be essential
for efficient acquisition of the needed knowledge and skills. A specific
statement in approved MC's that these devices are required could be
cited at a later date as justification for purchase. Actually, pertinent
research, with which proficient human factors specialists should keep
cuprent, may *uggest more effective or economical means of resolving
the training problem.

(3) While the QMR is being staffed,3 and as a part of the prep-
aration by the developing agency of the technical characteristics (TC)
based on the QMR, human factors specialists should prepare specifi-
cations. exhibits, and similar materials. These would spell out for
contractors, interested in making proposals, the requirements that
would be placed upon them to produce basic HF data and, where appro-
priate, PSS products dependent upon them.

These requirements would include but not be limited to
considerations in the R&D directive on human factors engineering (HFE)
in development contractss In addition, they would specify giving human
factors attention at the same professional quality level to personnel
selection-qualitative and quantitative personnel requirements (QQPR) -
and to training programs of instruction (POl's), aids, devices, technical
manuals, and so forth. No official document, similar to R&D Directive
No. 70-21 on human engineering, is known currently to specifically
direct this additional kind of professional human factors attention.
(See Appendix C for proposed R&D Directive which combines this
requirement with HFE.)

To supply this human factors documentation in addition to
that normally furnished in response to Army Requests for Proposals,
a contractor should give both direct and indirect evidence of the follow-
ing kinds in support of his capability to fulfill the requirements:

(a) A statement of the educational qualifications and
experience of the professional personnel on the human

"Tbis practice mwy be followed to solve budsetawy or odier amiiuertetive probems bet it
may raise odie probem• with respect to traiaisg eqpisut, as will be noted. A more direct
soltieom to te budget problem for arnsing equipeemt saemM be soet.

'AN 11-25, 27 bepteaker 1961, sect. U, per. 7S.
'See B&D Directive No. 70-21, 8 Decomb 161. I
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factors staff, including length of service with the con-
tractor, those assigned to work on this proposal, and
those who would be assigned to this contract if won.

(b) Information for use by the Army in evaluating the pro-
posal with respect to the anticipated human factors
engineering effort for the system, as a part of their
design selection criteria. This information will include:
Q) A summary of the results of the HFE effort

expended during the system study phase.
(2) A proposed plan for incorporating HFE principles

into the design of the developmental model.
(3) A description of any research specific to the

system which would be required to resolve
HFE problems.

(c) A proposed method of determining the personnel and
training requirements imposed by the operational use
of the system. This information would be used pri-
marily to judge the bidder's personnel support sys-
tem concept and his potential ability to develop it on a
systems engineering basis along with the hardware
and logistic support system. It will include:
(•) Descriptions of the anticipated method of opera-

tion, maintenance, and control of the system; the
ground equipment, including maintenance and
handling equipment; facilities and environmental
conditions; special tools and test equipment. On
the basis of the foregoing, a statement of the num-
bers and types of personnel required to accom-
plish the system's mission.

U2) Predictions and recommended solutions for unusual
personnel or training problems inherent in the
proposed design or operation of the system.

(d) A forecast of the types of training equipment that will
be needed to support individual, unit, and on-the-job
training programs. Data requirements include:
(1) Description of the methods planned for identify-

ing the need for and characteristics of training
equipment, special training problems anticipated
because of the system's design, and any unique
facilities required.

() Identification of categories (simulators, devices,
aids, accessories, etc.) of training equipment
required. Indication of the training functions to
be accomplished and a statement concerning the
assumptions, concepts, and information upon which
the recommendations are based.

U) Tentative identification of portions of operational
equipment that will efficiently, economically, and
safely satisfy requirements for training equipment.
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(4) Evaluation of any technical development or research
required to satisfy the expected training equip-
ment requirements.

Human Factors Inputs
At the Proposal and Preliminary Design Study Stages

After the QMR has been approved and human factors specialists
have developed specifications or adapted existing specifications for a
given weapon system, subsequent actions consist of inviting proposals
from industry and evaluating them. In some instances the proposals of
several contractors are accepted for further preliminary design or
feasibility studies. These consist of continued development of the pro-
posed configurations, or alternatives within them, for a period of a
few months until, upon evaluation, a single system can be selected
for development.

The human factors activities during proposal and preliminary
design study evaluation are fundamentally the same, except for inten-
sification in the case of the letter, and will be covered together. When
contractors have had an opportunity to submit their proposals (or
study results), a team of Army technical personnel, including human
factors specialists, evaluates their relative capability. This is done
in terms of their understanding of the problem, soundness of approach,
special technical factors, and compliance with the requirements of the
requesting documents.

The human factors specialists, who must work in close coordination
witb the other technical specialists as a team, evaluate the proposals
with regard to human factors engineering, personnel, training, training
equipment, and technical data. the bidder's responses to items such
as those outlined on page 8 provide a basis for evaluation.

On the basis of the team's recommendations and cost considerations,
a contractor is selected and the system enters the development stage.

Human Factors Inputs
During Development and Production Stages

Throughout the development and production stages, various per-
sonnel support system specialists (e.g., human factors engineering,
personnel, training, training equipment, and technical data specialists)
of the appropriate Army agencies monitor the contractors' personnel
support system efforts through the Weapon System Management Office.
The data programs described in this section are designed to assist
these monitors in managing and controlling the various aspects of PSS
development to ensure compatibility of the end products (training
courses, training equipment, and technical publications) which are
used to develop qualified personnel to operate, control, and maintain
the system.
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The contractor must furnish to the Army during the development
stage sufficient information to enable the WSMO monitors to determine
that the system will be suitable for operational employment and that
the system design characteristics are within the performance capa-
bilities of Army personnel who will operate, maintain, and control the
system. These development data represent an extension of the design
selection data submitted with the contractor's initial proposal and
provide for continuous updating of system basic data.

Figure B-2 illustrates how personnel support system requirements
are organized within the over-all development of the system, identifies
the basic human factors data used in developing PSS elements, and shows
the flow of PSS functions during the development effort. (The diagram
does not detail non-PSS activities which are parallel and concurrent
during system development.) In the PSS flow chart portion of the
illustration, PSS development activities are grouped in five major
areas: human factors engineering, personnel, training, training equip-
ment, and technical data.

Human Factors Engineering Design Development Data

Army specifications should be developed, if they do not exist
currently, to direct contractors to -furnish information to the WSMO
for use in monitoring and evaluating the human factors engineering
effort during the development of the system.

A first requirement should be for a program report to be sub-
mitted within a specified period following contract initiation. This
report should detail the proposed human factors engineering program,
including the schedule and methods for collecting, analyzing, and
applying HFE data. Subsequent periodic progress reports should
reflect development progress, design modifications, and changes in
system requirements.

Data of the following kinds should be included in these reports
(see flow chart blocks under Human Factors Engineering, Figure B-2):

Personnel functions and procedures. Detailed information
should be submitted to show that the functions allocated to man-machine
combinations will make optimum use of man and machine capabilities,
and that manned functions are compatible with system criteria. It
should include continuing time-based analyses, specific to the system,
of normal and emergency operations relevant to accomplishing the
mission and critical maintenance activities under both normal and
emergency operating conditions. Whenever any modification affecting
operator response is considered, the effects on over-all system per-
formance must be clarified. Analyses of emergency operations should
include consideration of unit performance as it might be affected by
various unit member disabilities, equipment malfunctions, or lack of
system articulation in mission performance which might result from
personnel problems, malfunctions, communication or delivery disloca-
tions, inclement weather conditions, etc.
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Equipment. These data should include scale drawings that
specify workspace dimensions, control-display layout, and functional
areas; control-display relationships; operating sequence and frequency;
accessibility of components; and lighting, labeling, coloring, coding,
etc. Drawings should be accompanied by a clear rationale of the layout,
based on the analyses underlying the design decisions.

Working environment. These data should cover the perform-
ance capability of personnel when subjected to relevant combinations
of working environment variables, such as vibration, noise, isolation,
restrictive equipment, etc.

Research. A report should be submitted on the results of any
Army-approved research that the contractor has performed on human
factors engineering problems specific to the system under development.

Personnel Developmental Data

Specifications (or work statements specifying what the contractor
is to do) should require that, early in the development period, the
contractor will furnish detailed and definitive information that will
enable the Army to determine the personnel required to operate, main-
tain, and control the system. Such data (combined in a Qualitative and
Quantitative Personnel Requirements Report) should cover all positions
directly associated with the operktion and control of the system and
those associated with all echelons of its maintenance. On the basis of
design, environment, task, and other data, the kinds (Army Military
Occupational Specialties--MOS's) and quantities of Army personnel
required by the system are specified. The information serves three
basic purposes:

(1) It permits systematic identification of Army MOS's.
(2) It fosters the orderly development of organizational tables

and unit manning documents.
(3) It provides a valid basis for developing training plans.

SQQPR effort may also contribute to the refinement of opera-
tic .... and maintenance plans and concepts. Administrative controls
should be established to avoid duplicating the collection and analysis
of information which is common to several programs.

The draft and final forms of the QQPR report should contain the
following (see flow chart blocks under Personnel Requirements,
Figure B-2):

System description. This should be iconcise functional
description of the military purpose and operational characteristics of
the system-stating typical operational cycles, discussing the mainte-
nance and operational concepts involved, and identifying new equipment.

Maintenance and operations summary. This should be a nasra-
tive and pictorial summary of the work flow for system operatiok, test,
and maintenance activities. Illustrative material may include work
flow diagrams, task tables, and operator performance analysis diagrams.
Team performance requirements should be specified, and the amount of
time required to perform job operations should be estimated.
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MOS descriptions. Descriptions should be submitted for all
jobs required in the operation, maintenance, and control of the system,
identified by existing or recommended new Army Military Occupational
Specialties (MOS's). Each job description should include:

(1) A statement of the general features of the job.
(2) A list of duties and tasks in sufficient detail to pro-

vide a clear picture of the work responsibilities.
(3) Information about special tools and test equipment used.
(4) An estimate of the time, location, and frequenc', of

performance of each duty.
(5) Sufficient information on probable task performance

errors, special equipment-handling requirements,
unusual control manipulations or display interpre-
tations, special hazards, or procedures, to enable
the Army to determine the task proficiency level
required for each task within the job.

Preliminary manning estimates. Estimates should be submitted
of the number of suitably trained personnel (identified by existing or
recommended MOS'a) that will be needed to perform duties of each MOS.
Manning estimates tables should be supplemented by organizational
diagrams to illustrate the over-all functional organization required for
the system, including the composition of major units and teams.

Special problem areas. Any unusual personnel requirements
or task performance hazards needing special emphasis should be
stated, and recommendations should be made for solving these prob-
lems. Suggestions should be oriented toward individual aptitudes
required, special training that may be necessary, or equipment and
control modifications which might alleviate the problem.

Personnel Planning Actions

Qualitative and Quantitative Personnel Requirements Reports
should be prepared either by the system contractor or by WSMO per-
sonne' from contractor-furnished equipment and task data. As soon as
a draft QQPRR is available it should be reviewed by the QQPRR Project
Officer for the system, coordinated with other WSMO representatives,
amended as necessary, and submitted to the appropriate higher head-
quarters for review. A personnel planning conference may then be held
with representatives of the participating functional agencies, to resolve
differences, direct changes, or approve for publication the information
contained in the draft report.

QWPRR's often require updating by means of change reports as
more detailed system basic data and personnel equipment data become
available for analysis of job requirements. Such change reports should
be processed in the same manner as the draft QQPR report.

Upon publication of the approved report, it becomes an official
document which serves as a guide for personnel classification and man-
power planning. When the using agency has presented its proposed unit
manning document for the system, a personnel guidance letter which
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details the total system manpower requirements and Army MOS's

necessary for the particular system may be issued.

Training Developmental Data

Work statemetits for the contractor should recognize the need foi
identifying detailed training requirements upon which a training concept
can be based and training plans formulated (see flow chart blocks under
Training Requirements, Figure B-2). A training analysis of the data
prepared for a QQPRR, as well as task and skill analysis data from the
basic pool, is used to determine various factors of importance in plan-
ning training, such as:

Requirements for training on specific skills and knowledges.
Tasks requiring training emphasis should be identified, and the types
of skills required for task performance should be evaluated in terms
of possible training difficulties. Any critical task performance require-
ments must be identified and evaluated.

Recommended training methods. (See pp. 54-56, Appendix A.)
The training objectives and the methods proposed for achieving them
by developing the required skills and knowledges should be described,
along with tentative standards indicating the degree of proficiency to
be achieved. The kinds of training should also be indicated, such as
individual classroom training, operational training as a unit or crew
member, and OJT. Consideration should also be given to the feasi-
bility or need for planning comprehensive system training.

Training time requirements. Estimates should be made
of the time required to complete training on specific tasks or groups
of related tasks, probable length of the course, and the distribution
of training time between s!:ill and knowledge acquisition and pro-

*4iciency measurement.
Instructor and facility requirements. Instructor and training

facility requirements re!Ated to the estimated system needs for trained
personnel should be tentatively established.

Information such as that described above will establish the train-
ing requirements of the system and will contribute to the identification
of training equipment requirements and characteristics.

Training Equipment Developmental Data

A variety of equipment may be required to support the factory,
individual skills integrated team, maintenance, and transition training
programs, as well as the personnel proficiency measurement program.
The identification of all training equipment required in support of the
system, and the preparation of functional specifications of these items,
must occur early in the development stage in order to meet lead-time
requirements for development, fabrication, checkout, and installation.

Once the personnel training needs ha .. been established for the
various types of training, the training equipment required in support
of these programs must be specitied. Training requirements should

7)



be analyzed to develop functional descriptions of all training equip-
ment proposed; the equipment requirements should be justified in terms
of the training concept, learning requirements, and the specific skills
to be acquired.

Military specifications should be designed to spell out requirements
that the contractor submit information to be used in planning specific
items of training equipment, in preparing engineering recommendations
for the equipment, and in developing and producing the individual items.
These requirements should cover the preparation of performance
specifications for designated developmental prototypes, and detailed
procurement data for production-pr~curement of approved items.

A report based on training equipment development data should pre-
sent the contractor recommendations for the training equipment con-
s idered necessary to support the system. It should be based on the latest
operational and maintenance concept, QQPRRo and personnel and task
and skill analysis data of operator and maintenance tasks and jobs in
relation to the equipment they will use. This report should include (see
flow chart blocks under Training Equipment Requirements, Figure B-2):

Training equipment recommendations. These should be brief
functional descriptions on each item of training equipment considered
necessary to support any aspect of system training, including mention
of any special features that will facilitate learning, transfer of training,
proficiency evaluation, etc.

Justification of training equipment recommendations. State-
ments should be included that:

(1) Relate the proposed training equipment items to the
current status of personnel, training, operations, and
maintenance concept.

(2) Identify the training functions to be accomplished.
(3) Justify the equipment in relation to the alternative

forms in terms of cost; ease of modification, main-
tenance, and installation; versatility; and training value.

(4) Specify the types of training for whicheach item is pro-
posed, such as factory, individual, and unit proficiency.

Special problems. Attention should be focused on any special
considerations associated with the items being proposed, such as
exceptionally long lead time required, unresolved state-of-the-art
problems, or special installation or facility requirements.

Individual and unit training are typically supported by several
different types of training equipment, such as simulators, operational
procedure trainers, demonstrators, animated panels, and various
training aids. An additional requirement imposed by the training
program consists of the development of procedures for measuring and
recording the performance of personnel during training. Technical
proficiency tests and job performance evaluation measures must be
planned in relation to the" training equipment. Consideration must also
be given to requirements for user training to provide refresher,
transition, and upgrade training for operational readiness development,
evaluation, and proficiency maintenance.
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In training equipment deoelopment, specifications for equipment
performance should be prepared for each item of training equipment
designated by the Army. These specifications describe major design
characteristics and may require the incorporation of training features,
such as immediate feedback to the student of information on his per-
formance. In addition, test recommendations and criteria are to be
submitted by the developer, and spare parts information is to be supplied.

Programs of Instruction (POl's)

Training and training equipment planning operations contribute
jointly to the development of the necessary Programs of Instruction.
The development of POl's and the data to support them has been dis-
cussed earlier (see pp. 54-57, Appendix A). During system develop-
ment, human factors training specialists on the staff of the Training
Monitor will be closely involved with contractor personnel responsible
for the collection and analysis of data essential for building the train-
ing programs and, if applicable, the programs themselves. They will
assure application of the most recent state-of-the-training-art prin-
ciples, from identification of valid training objectives to development
of reliable, valid, scorable job proficiency tests. The resulting programs
will incorporate the use of training equipment approved for development.

Technical Publications

In accordance with appropriate military specifications, or work
statements, the contractor may be required to develop maintenance
and operational procedures and techniques for incorporation in pre-
liminary manuals that will be capable of supporting the engineering and
service test programs. (See flow chart block under Technical Order
and Technical Manual Requirements, Figure S-2.) Both operating
instructions and servicing instructions are required. Changes and
revisions will be made throughout system development, and the con-
tractor will provide final manuals as a part of the operational system.
Concurrently, charts, manuals, checklists, and other training and job
performance aids must be prepared.

Periodic Inspections

Effective management procedures in the development of any system
must provide for periodic checks on developmental progress and industry
compliance witth contractual requirements. Change 1, 17 January 1961, to
AR 705-5 cites as action points or stages for major decision, such mile-
stones as completion of the engineering concept, completion of design
characteristics prior to release of design for development, receipt of the
first prototype, and completion of engineering test. These are the types
of conferences br inspections at which human factors specialists may
either contribute their special knowledge or acquire useful information
for planning subsequent personnel support system processes or products.
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Hwmen Neon Inpvh to the Sys Too Pveym

The over-all objectives of the test and evaluation program for new
and modified systems should include test and evaluation of the personnel
support system functions. (See final flow chart block in Figure B-2.)
Achieving these objectives requires continuing investigation of system
equipment in relation to the intended operational environment and
various human factors aspects. These include man-machine compati-
bility, human factors engineering design, personal and.protective
equipment, physiological factors, qualitative and quantitative personnel
requirements, training and training equipment requirements, and man-
ning and organizational requirements. Through the system testing
program, early consideration may be given to needs of system person-
nel for performance aids, for OJT aids, and for evaluation devices to
be used in measuring personnel performance and proficiency.

The primary objectives of the personnel support system test
program are:

(1) To determine whether the system is capable of being
operated, controlled, and maintained by Army personnel
programmed for the system.

(2) To determine whether personnel performance is adequately
supported by the proposed, planned, or established equip-
ment design, technical data, job environment, training,
organizational control procedures, personnel selection,
manning, etc.

(3) To identify problem areas and deficiencies that can degrade
system effectiveness, so that timely corrective action
can be taken.

To ensure that the PSS is effectively evaluated in terms of over-all
system test objectives, a coordinated Personnel Support System Test Plan
should be developed by professionally qualified human factors specialists.
It should be published with or as an annex to the over-all system test
plan. It should identify the numbers and kinds of test team specialists
to be supplied by the developer, schools, and user, and by contractors,
and specify the test objectives, requirements, and responsibilities.

A personnel support system test program officer should be appointed
to serve as chairman of the PSS test team under the Chief of the over-
all test program. Members of the team will consist of representatives
of the major functional commands as specified in the PSS test plan.
This team represents that portion of the total test organization that
plans, organizes, coordinates, directs, and supports the collection of
P3S test and evaluation data. It analyzes and evaluates the data, initiates
corrective action on items having PSS implications, and prepares a
PSS Test Report.

The PSS test and evaluation team may employ such devices a
checklists, evaluation guides, task analyses, laboratory experiments,
questionnaires, interviews, ratings, and paper-and-pencil tests. All
performances required of personnel in the system will be obrvWd



and evaluated. Troubleshooting tasks may be tested whenever mal-
functions occur during the hardware test program, or by introducing
malfunctions in selected critical areas. When any deviation or diffi-
culty is observed or reported, the test team investigates the problem
and takes corrective action.

When test priorities arise, critical operations are given first pri-
ority for data collection purposes. For the most part, the operational
and technical requirements of the system, including the operational and
maintenance concepts, are used as criteria against which to assess the
adequacy of the personnel support system processes and products. The
test program should progress from subsystem testing to system testing,
and, ultimately, to evaluation of human performance in the operationally
configured system during simulated missior wnplishment.

Humon Facters Inputs During the Operational Stae

The operational stage of a weapon system begins with the delivery
of the first production unit, complete with trained personnel, to the using
agency. Extension of the personnel support system concept into the
operational stage may occur in several ways:

(I) Training of replacements due to normal attrition in
skill inventories.

(2) Human factors engineering design modifications resulting
from operational experience or advances in technology.

(3) Modifications of training equipment to keep current with
changes in system capability.

(4) Development of new training equipment or attachments to
operational training equipment to increase training and/or
evaluation capability.

(5) Additions to, or revisions of, job performance aids as a
result of operational experience.

Conclusion

The foregoing has described systematic procedures for the devel-
opment of a Personnel Support System and its products and processes
integrally with the development of a weapon system. Systems engi-
neering must provide for the time-phased development of data required
for producing human factors engineering criteria, personnel require-
ments, training plans, training equipment, technical manuals, and
testing programs.

However, for personnel support system data requirements tobe met
adequately, there must be an effective data program for the mahagement
of total system development. If the various elements of the p•00"0.1
support system, as developed by many Army andWI-or eonttor *V W-
ments and agencies, are to form an operative system, it Is 1impoaiY
that data be developed systematically, with inputs corretly tbiw-phsad
for use in meeting all requirements. The same basi d PAtm be 4-
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used in developing all end products if compatibility is to be achieved
in concurrently developed products. Such a basic data program is not
covered by existing specifications.

In addition to the specific points described in this appendix,
Figure B-2 illustrates two more general aspects:

First, the personnel support system products and processes,
with their specific dependencies and interdependencies, all of which
ultimately have their origin in the basic data pool.

Second, a requirement for appropriate Army agencies to
develop, or identify where they now exist, accurate specifications as to
what is required for the management, control, or production of each of
the elements of the PSS illustrated as requiring a Spec. No.. The
reorganization of the Army currently underway would seem to provide
an excellent opportunity to standardize specifications, so that the num-
ber a contractor must observe could be held to a minimum while the
Army's requirements would nevertheless be fully and accurately stated.
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Appendix C

PROPOSED DIRECTIVE FOR INTEGRATED DEVILOPMINT
OF HUMAN FACTORS DATA

R&D DIRECTIVE)
No. _)

Research and Development (General)

Human Factors Engineering and Personnel Support
System Products in Development Contracts

1. It is the policy of the Department of the Army to apply the
principles of human factors engineering and to require the concurrent
and integrated development of Personnel Support System products:
in the development of weapons and equipment, in order to assure
maximum effectiveness of the man-machine combination in the opera-
tional environment.

2. Research and development contracts for materiel and equipment
which require human activities for operation or maintenance shall
specifically require the contractor to perform competent professional
human factors engineering and to produce human factors data basic to
Personnel Support System end products. Some of these products, as
specified in par. 5 below, the ccntractor will develop under monitor-
ship of Army human factors specialists.

3. The human factors engineering will include but not be limited
to a consideration of the following (where applicable) in terms of the
intellectual, physical, and psychomotor capabilities of the intended user:

a. Proper assignment of functions to machines and to operators.
b. Human space requirements for operation and access

for maintenknce.
c. Planning of operator functions and analysis of

operator tasks.
d. Layout of work space and design of operator stations.
e. Information needed for operator decisions, e.g., selection

of displays and controls.
f. Environmental conditions, e.g., temperature, noxious gases,

noise, vibration, illumination, stress.
g. Compatibility of the equipment with the personal and

protective gear of the fully equipped soldier.
h. Communication under operational conditions.
i. Simplicity of maintenance.
J. Safety in operation and maintenance.



4. The human factors data basic to Personnel Support System end
products will include but not be lJmlted to the following (where appli-
cable) in terms of the intellectual, physical, and psychomotor capabil-
ities of the intended user:

a. System functional description.
b. Operational plan.
c. Maintenance and logistics plans.
d. Task and skill analysis data.

5. The Personnel Support System end products, which the con-
tractor will develop completely, will include but not be limited to the
following (where applicable):

a. Qualitative and Quantitative Personnel Requirements Reports.
b. Trdning Programs of Instruction, to include identification

of training objectives, development of content and recommended train-
ing methods, and preparation of job proficiency tests for training
quality control.

c. Training of key personnel to support engineering and serv-
ice tests, and the development of further detailed PO's.

d. Training equipment requirements, complete with justifi-
cation and in sufficient detail to show how the proposed equipment
will meet the need.

e. Training equipment development.
f. Technical publications and job performance aids, e.g.,

checklists, procedural guides. -

6. Developing agencies will ensure that human factors engineer-
ing principles are incorporated into the design of the initial proto-
type, and that the Personnel Support System data and end products are
developed integrally and concurrently with it.

BY THE DIRECTION OF THE CHIEF OF
RESEARCH AND DEVELOPMENT:



Appendix D

PLACES VISITED FOR COLLECTING INFORMATION
FOR PREPARATION OF THE WUAM WI REPORT

Date Places Visited Agencies
1959

August Lackland Air Force.Base Personnel Resbarch
Laboratory

Randolph Air Force Base Hq, Air Training
Command

Eglin Air Force Base Hq, Air Proving
Ground

September Wright-Patterson Air Force Base Training Psychol-
ogy Branch

1960
June The Adjutant General's Office Systems Develop-

ment Branch
Aberdeen Proving Ground U.S. Army Ord-

nance School
U.S. Army Ord-

nance Center
Human FEngineer-

ing Laboratory
Department of the Navy New Developments

Reseatrci Seanch
Redstone Arsenal Army GL.Ji Mis-

sile Agency
Ordnance Guided

Missile School
Army Ballistic

Missile Agency
Army Ordnance

Missile Command
September Naval Training Devices Center Army Participamon

- -. Group
October White Sands Missile Range

Continuing Army Air Defense Center Air Defense board
visits Air Defense School

Combat Develop-
meots and
lResearch



Appendix I

A tEVUEW OF RESEAICH ON THE PREDICTION
OF PERSONNEL AND TRAWIIG REOUIMM9NTS'

In recent years, the rapidly increasing complexity of new weapons,
equipments, and systems has resulted in unique and urgent demands for
research in the area of training requirements for maintenance, support.
and operator personnel. As a result of these demands, extensive
research has been performed irn the general area of training require -
ments forecasts.

In 1950, Miller and associates at the American Institute for
Research began a series of studies concerning the prediction of per-
sonnel and training requirements. In 1953, the report of the first of
these studies was published (J). In it Miller suggested a method for
anticipating maintenance requirements in the early stages of the devel-
opment of a weapon system, primarily from information available
during or prior to the prototype stage of a new weapon. This method
is based upon the concept of maintenance as a man-machine system with
identifiable purposes; once these purposes are explicitly stated, the
activities required to achieve them (including maintenance job behav-
iors) can also be specified.

Tw- applications of the procedure were made to determine its
effectiveness and usability. The first application was made on the
AN/AIQ-24 Radar Set, and the second on the K-1 Bombing Naviga-
tional System (10.11). These applications were concerned primarily
with the adequacy, or validity, of this procedure in anticipating main-
tenance job requirements. Both were conducted on equipment that had
been in use for some time, but utilized only that information which
would have been available during the prototype or earlier stages of
production. The results indicated a high degree of similarity between
job requirements for the production model and the prototype model.
It was concluded that equally good or better prediction could be obtained
if the procedure were applied to new equipment. An actual chrono-
logical anticipation of task requirements was attempted and found to be
highly successful. It was suggested that the same procedure be applied
to equipment that would be in use in the future.

In 1153, Miller fl) described a procedure that was designed to
specify training requirements for equipment operators in detailed and
clear-cut terminology. This procedure was intended for use in the
blueprint and breadboard stages of development, as well as in later

IskMq.* VIus 40*. etA0 s41, #10 VVA*d.



stages. Miller considered the operator as a part of the system's
linkages, with input and output functions. The tasks were specified as
procedural or tracking. Miller's procedure involved the analysis of
equipment, or designs for it, for the identification of operator tasks
imposed by its configuration. Further analysis of these tasks (task
analysis) revealed their characteristics and the demands they would
place upon operators. From this information, training content and
method could be planned. In addition, tasks for which training devices
would be required were identified, and the nature aQd functional char-
acteristics proper to the devices could be inferred as an aid in prepar-
ing design specifications for them.

Another report (12) was concerned mainly with the following three
items: (1) What maintenance information should be collected, and from
what sources? (2) At what stages in the developmental sequence is it
feasible to collect information for job-forecasting purposes? (3) How
can maintenance information be assembled for the anticipation of main-
tenance job requirements? The report also contained a description of
six maintenance duties on which information is required before the
duties could be performed effectively: checking, adjusting, repairing,
replacing, servicing, troubleshooting.

The report suggests that practical forecasts can be made prior to
the completion of prototype models. In order to anticipate maintenance
job requirements of a weapon system, so that trained mechanics will
be ready to maintain the system when it becomes operational, main-
tenance information must be gathered from a variety of sources. These
sources were described as products (specifications, diagrams, test
reports, etc.) developed during the building of the system.

Two reports published by Miller in 1956 (1,R) suggest procedures
for the development of position' structures and position organization
tables. This can be done at the time a newly developed weapon reaches
the stage of operational concept and operational plan. The suggested
procedures, which have been given a trial, represent a means of system-
atically developing information needed for personnel and training actions.
These actions must be planned and accomplished before a new weapon
system can be introduced into the field. The procedures suggested in
the report provide data but not complete answers to all the problems
presented. These procedures (position-task analysis) indicate what has
to be trained, but not the bes. way to undertake the training. The sub-
sequent utilization of data provided by position-task descriptions and
analysis requires the use of principles already in existence and assist-
ance from specialists trained in the area under investigation.

Throughout the report an attempt was made to show that the gather-
ing of Qualitative Personnel Requirements Information QPRI and the
making of Qualitative Personnel Requirement (QPR decisions is a
continuous and cumulative enterprise. It was also pointed out that the
gathering of QPRI data and the making of QPR decisions are subject to

* 'This r*eeerck we. performed for the Air Force, wtieb use the turn pe..i•n to Indicue a
o0pial of deti.. M4e re*posibIlities which 'compise the priprSi Owsipemt of oWe petIss.
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tentative and provisional inferences, plans, and decisions, just as is the
development of the hardware aspects of a weapon. A division of QPR
continuity into phases. for the purpose of coordinating and meeting
certain schedules was suggested. This should not, however, imply an
intermittent effort in preparing for the design of personnel and train-
ing programs. The practical advantages of keeping QPRI data continu-
ously up to date seems clear.

Later in 1956, Naureth and Kelly (13) reported a prototype task-
equipment analysis based on the job of the F-104 hydraulic system
mechanic. This analysis was to be used as a model and should not be
considered to have application to the F-104 system only. The report
suggested the necessity of a task equipment analysis during the latter
stages of a system development to assist in (1) preparation of detailed
content materials for formal training courses, and (2) development or
revision of tests which will be used to measure proficiency. It was
also suggested that a task-equipment analysis should contain a
description of the duties of the job; a general description of the sub-
system, components, tools, and test equipment which apply to the job;
and a specific account of the activities required for each job task.

The data for this prototype were obtained from the system develop-
ment contractor. The source materials included training handbooks,
parts catalogues, and preliminary drafts of the maintenance handbook.

Early in 1957, Ray et al. emphasized in a report (L5) that adequate
information concerning a new weapon system should be communicated
to those charged with meeting support demands in advance of the
production of the new system. This information is necessary if
support personnel are to be available in sufficient numbers, at proper
locations, and with the knowledge and skills required to maintain the
system effectively.

The report is concerned with a description of a technique for
communicating personnel and equipment information. This technique
provides info,'-.atin, of a more detailed nature than various techniques
already in existe..ce, such as the-QPRI. Such detailed information,
describing how the tasks are to be performed, is essential in the
planning and construction of courses of training, as well as in the
re-evaluation of manning requirements, the development of proficiency
measures, and the preparation of handbooks. Because this technique
relates maintenance duties to equipment on which they are to be per-
formed, the technique is called Task Equipment Analysis (TMA).
Although this procedure was intended for maintenance positions 4ts
opposed to operator positions), it may be applied to operator jobs with
slight modifications.

The initial phase of this technique involves a functi•ial analysis
of the weapon system as a whole, and is properly entitle an equipment
analysis. This phase is limited to a description of the operation of the
principal subsystems and their components, The second phase consists
of an analysis of the weapon system in terms of the tasks involv*d in
the maintenance of the system, and may be termed a task analysis.
During: the latter stage, emphasis is placed on drwiving the activity
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elements (the action, the objects, the indicator, and the indication) and
describing what the man (rather than the equipment) does. The report
included samples of adequate and inadequate task descriptions, to
facilitate the development of descriptions that are behaviorally oriented
and complete. Also included was a useful cross-index of equipment
components and job duties.

A study by Goody (A) attempted to determine whether a course of
training could be adequately planned from job descriptions based upon
task-equipment analysis of a system obtained during the developmental
stage. This report is concerned mainly with whether the available
task-equipment analysis contained the necessary information for
detailed course planning or whether it would be necessary to return to
a study of the hardware and its specifications for further information.

S- It was concluded that a course of study could be so developed.
There appear to be few, if any, differences to be considered in setting
up a course of training based only on such a job description and one
based on direct study of the problem device. The same psychological
principles hold, and differences in technique are easily grasped after
a little practice.

Glanzer and Glaser (2) evaluated the feasibility of predicting
personnel and training requirements for new weapon systems. State-
ments concerning these requirements which had been made five years
pieviously on the basis of a prototype system were checked against
data obtained concerning final models of the system in operational use.
The results indicated acceptable reliability, with coefficients ranging
between .72 and .99. These ratings indicated that, in general, require-
ments developed on the basis of a prototype system remained appli-
cable with minor modification over the five-year period.

The report stated that material concerning operation showed some-
what greater stability than material on operational maintenance, and
the highly specific material in the areas of troubleshooting showed the
least stability. The report also indicated that the material concerning
the missile itself was more stable than material for the associated
test equipment.

A HumRRO report by Shriver from Task FORECAST (_.), published
in 1960, was concerned with the development and testing of methods for
the analyses of electronic weapons systems, to define a set of skills
and knowledges for operating and maintaining the systems. It was hoped
that the methods of analysis, which in this study were used on the M33
Antiaircraft Fire Control System, would prove adiquate for future
weapon systems.

The training program developed for the M33 was based on the t-pe
of information available before the production stage, even though the
M33 was an operating system at the time the study was made. Two
methods for the analysis of electronic equipment were developed, oas
for the operator task and one for the maintenance task. These methods
were designed to identify a set of skills and knowledges and their con-
stituent parts: cues, or what a man perceives, and responses, or what



he does about it.' Both the cues and the responses ranged from the
very simple to the very complex. When properly learned, these dues
and responses could form the basis of a logical reasoning process that
would lead to effective operation and maintenance of the weapon.

As evidenced by the results, analysis of this type (cue-response)
appears to be very effective for training under conditions somewhat
more controlled than most Army instruction. The experimental group
was composed of 20 students who came directly to the 12-week experi-
mental course from basic training.. The standard group was composed
of 17 students who went directly-into the standard 30-week course from
basic training. After graduation, both groups were tested on an objec-
tive performance test requiring nine days per student for completion.
The results show that there were no practical differences in proficiency
between the experimental and the conventionally trained group.

On the basis of the foregoing information, it seems clear that
personnel requirements information for the purpose of training per-
sonnel to operate and maintain new weapon systems can be acquired at
the developmental stage of the weapon system. The research performed
in this area suggests not only that this is possible but that it is also
practical. It seems reasonable at this point to recognize the possi-
bility that job forecasting techniques can be utilized as an aid in
reducing the lag between the time a new weapon system is produced
in large numbers and the time personnel can be trained to operate and
maintain the system. The data resulting from these techniques will
also be useful in the areas of selection procedures, training content,
and training devices, and in the school administration of training.

It also seems possible that the utilization of job forecasting
techniques during the development stage of a weapon system may have
practical implications other than those of training forecasts. Possible
additional developments include: (1) techniques of troubleshooting
procedures which can use parts failure probability data if available,
(2) recommendations for equipment design that could very possibly
lead to improved maintainability, (3) procedures to be used for data
collection purposes, as well as concepts for using such data in moni-
toring and improving complex man-machine systems and organizations,
(4) data on maintenance problems which may occur in operations and
training, and (5) standatdization of a format to be used in compiling
intelligible technical orders.

In 1960, Rabideau and Cooper (IV presented a state-of-the-art
description of function and task analysis method, and an approach to
using this type of analysis as a weapon system development tool. The
main premise was that function and task analysis is a method by which
the analyst can correlate and organize the data that are inherent in
the development of a weapon system. This makes possible the logical

'For fahe Ieofmetiou, "a. E-gar L. Sriver, C. Dwai. F"ak, ind Robut C. Tr•.w, A
Pmeecirasi GaUie for Tockulcel Is*4euaaws of the FORSCAST Methd. o~f task and Ski I
Amnalyis, Trailag ethods. Divie.ks, OUm Neame. Reaan6 Offa, %AaIkI, Juy 1%1.
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derivation of the design of man-machine functions, the task groupings,
the definition of positions, and the manning requirements for the
weapon system.

Later in 1960, Folley et al. (1) reported a survey of methods for
predicting personnel requirements for future Air Force weapon systems.
This report contained abstracts of 121 unclassified professional docu-
ments with emphasis being placed on identifying procedures for deriving
personnel requirements information, and the supporting rationales. The
report also contained an evaluation of the current state of the art and
implications for future research requirements. It was concluded on the
basis of this study that fairly thorough procedures exist for describing
tasks and positions and for combining tasks into positions.

Since the American Institute for Research had done considerable
work in the area of forecasting training requirements for the Air Force,
HumRRO requested a review and summary of their work by contract
under UPSTREAM II. In addition, AIR was to apply the best of the
methods and procedures derived from this study to the HAWK system
prior to its reaching prototype stage. Both aspects of the woirk are
reported in Goldbeck and Kay (3).

The HAWK study yielded results that are not profound as we
understand system development today. The best information sources
were identified as interviews with contractor technical personnel,
reports and publications (which were mainly engineering oriented), and
mockups and models. The problems identified, in applying the proce-
dures to a study of the HAWK, were as follows:

(1) No man-hour costs for such purposes had been included in
the system contract, so contractor cooperation was poor.

(2) There was difficulty in establishing a good working
relationship between the analyst and appropriate klpowl-
edgeable personnel.

(3) It was difficult for the analyst to gain access to
pertinent information.

(4) The analyst had tr'ouble establishing and maintaining
adequate liaison with appropriate training agencies.

It would appear that these problems could be resolved by including,
in the prime system contract, a requirement for developing both the
hardware and its personnel support system materials. This should
have the following effects: (1) Under the contract the work would be
funded; (2) the training analysts would be on the contractor's staff;
(3) they would have access to all required information; (4) they would
have liaison with the training agencies through the military monitor
and coordinators.

A recent report of Air Force research provides an indication of
the gradual maturing of procedures as practiced there. Losee e1t .
(6) have developed a method for an accurate and comprehensive fore-
casting of manpower requirements for new weapon systems. The
manning estimate is developed through a series of integrated steps
leading to position descriptions and numbers of men required. Early
training information is obtained directly from Task Equipment Analyses;
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information covering ground support and other equipment, spares, and
consumables is obtained as a by-product. Plans are presented for an
approximation of the effect of environment upon manning requirements,
for the determination of man-hours required for work of a type not
amenable to direct task analysis, and for the estimation of maintenance
activity frequency rates.

The extent to which the methods described have been tested is not
stated in this report. They appear, however, to be systematic, thorough,
complete, and workable and merit the careful examination of any agency
faced with the requirement to develop a personnel support system for
a weapon under development.
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Apbndlx F

SPECIFICATIONS FOR TASK ANALYSIS

This appendix contains a simplified set of specifications for
Task Analysis, aimed at achieving mutual understanding by both
parties to a human factors contract, as to the objectives and the
desired products.

These specifications are based on a work statement originally
prepared for a particular missile contract which is replete with
excellent, detailed instructions on how to make function and task
analyses. These details, while invaluable for a-work statement,
were considered too voluminous for reproduction here, where the
purpose is; to illustrate specifications defining the scope of work
and the variety of activities required in making and verifying a
complete analysis. The abbreviated specifications in this appendix
could, at least in the main, be readily adapted for use with a
wide range of weapon systems. The detailed guidance necessary
would be available in the document from which this appendix has
been extracted: Space Technology Laboratories, Inc. Revised
Work Statement: Personnel Subsystem Basic Data Program for
the Atlas Missile, GM 6300.5 5-653, Los Angeles 45, Calif.,
12 August 1960.
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SpuiRkteom fm Took Anelyss

1. Scope
The purpose of this exhibit is to describe the information that
must be developed by the contractor to inform Army personnel
and training agencies of the anticipated personnel, training, and
training support requirements which will be imposed by the
operational use of a new weapon system. This information will
serve as a basis for planning, programming, and accomplishing
development of a personnel support system for the new weapon
system prior to the receipt of the actual hardware. This exhibit
includes the task analysis procedure, reporting requirements,
and verification procedures.

II. Task Analysis
Task analysis is the process of identifying what job operations,
tasks, and task elements must be performed, what the require-
ments and conditions are for their successful accomplishment,
who does them, and where and when they are done. The Task
Analysis procedure requires (a) an analysis to identify system
functions; (b) a more detailed analysis to identify the specific
tasks required to render the systent operational, to maintain
this condition, and to fulfill the system's mission; and (c) a
still more detailed analysis to identify and select the equipment,
personnel, training, and job aid requirements for the perform-
ance of each function so identified.

I. System Description, Function Identification, and Flow. This
section shall include the identification of the functions and
operations which must be performed by the weapon system
components and equipment, or performed on them by personnel,
in order to assure that the weapon system is operational.

1.1 Operational characteristics. A summary of the operational
characteristics of the weapon system.

1.2 Maintenance and operational concepts. A brief narrative descrip-
tion of the anticipated method of operation and support for the
weapon system, subsystems, and components. This description
shall outline the basic concepts determined by such factors as
unique or built-in test equipment, replaceable assemblies, expend-
able components, automatic malfunction indicators, and the like.

1.3 Equipment description. A list and brief deeription of the major
hardware subsystems showing their function and relation to
the total weapon system. A dated statement of the develop,
mental status of each subsystem shall be included.

1.4 Task sqnce summaEZ. A listing in temporal sequence of the
MMe OMa ks iolved in the weapon syss actvities, ftoa
the timel equipmeM leaws te *0r MU It is- ued for
its deisilfewi "n'o"e,



1.4.1 Pictorial representations shall be used to illustrate work flow.
In addition, functional diagrams shall be provided to depict
the sequences of organizational, technical service, and depot
operations, locations, and interactions of personnel functions,
including the support equipment employed to perform these
functions. Flow charts should be furnished for the foll -wing
general functions:

1.4.1.1 Identification of personnel operations or man-machine inter-
actions associated with the transportation, receipt, inspection,
installation, checkout, launch, tracking or guidance, acquisition,
readout, and so on, of the weapon system. The above operations
refer only to normal weapon system activities, aisuming no
malfunctions are encountered ard no repairs are necessary.

1.4.1.2 Identification of personnel operations performed during periodic
maintenance of equipment and associated support equipment, as
appropriate for using organization and technical service.

1.4.1.3 Identification of personnel operations involved in checkout,
troubleshooting, and repair of the system support equipment,
and special facilities.

1.5 MOS requirements summary. For each job operation identified
above, the following information shall be presented in tabular
form, and in temporal sequence where appropriate:

1.5.1 List the tasks.
1.5.2 Following each task, indicate the Military Occupational Speciality

(MOS) title and number of personnel required to perform
the task.

1.5.3 Where team performance is necessary, specify the composi-
tion of the team. Insofar as possible. distinguish between the
requirement for a skilled mechanic or technician and the
requirement for a *pair of hands."

1.5.4 The total time required to perform or accomplish the
job operation.

1.5.5 When possible, indicate the nature of any special
equipment required.

1.6 Manpower requirements.
1.6.1 The number of suitably trained individuals required to perform

the tasks of each MOS per work period shall be estimated.
Where appropriate, these estimates should be broken down into
major work areas or sections. Definition of supervisory
positions shall be included.

1.6.2 Each manning report following an earlier report shall contain
a table with pomnpartive listings of MO1's contained in the
previous report.

2.1 Task Description. This section shall expla wat is hr slysied

&MM-WT-isk, as well a# to supply other essential
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information derived from a detailed analysis of the conditions
and requirements for task performance. This will assist equip-
ment de- 4 gners and training, training equipment, and technical
manual ., rsonnel in establishing requirements and preparing
detailed materials in their respective areas.

2.1 The start and end points of the task.
2.1.1 Is the task preceded by another task?
2.1.2 What is the cue used by the performer to determine that the

task must be performed?
2.1.3 What cue or feedback is available to the performer to deter-

mine that the task is completed?
2.1.4 Is the task followed by one or more tasks, sequentially related?

2.2 Pre-task activities or duties.
2.2.1 Does performance of the task require the prior performance

of other complete tasks?
2.2.2 Are any communications required to authorize the performer

to proceed with the task?
2.2.3 Are any safety precautions required to relieve pressure or

shut down power, and so on?

2.3 Characteristics of the task. Thetask characteristics and their
sequence shall be identified. This refers to the step-by-step
procedures for performing the task, including any precautions,
aids, or alternate procedures that may possibly be used.

2.4 Personnel required to perform the task. The specialists and
helpers required to carry out the task shall be identified by
MOS, and their roles in performing the steps or elements
shall be stated.

2.5 Tools and test equipment. Statements describing each took
element shall include mention of any standard and/or specil
tools and test equipment that must be employed.

2.6 Aids required for task performance. Aids such as checklists,
schematics, flow diagrams, test specifications. illustrations,
and so forth, designed to simplify knowledge and skill require-
ments of trained personnel, shall be listed for each task.

2.7 Elements of the task that aN difficult or hMsWarlq toi th

2.7.1 Hazard to equ ant andfor personnel shall be detervah" and
stated o, w a "wbt happens if basis.

2.7.2.2 thUP4 Saa$l ei~ s *1* th$ask 0*0 .el#I 40 O 4Wm. 4
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2.7.2.4 The likelihood of creating a hazardous condition. (Catastrophic
failure of equipment and lovs of human life.)

2.8 Legho akpromne A verified 4... p. 98) estimate
oftetm eurdb ul qualified specialists to perform
a task involving fixed procedures shall be presented. T7he
time required to perform a task involving variable procedures
may coVer a considerable range, even for highly qualified
specialists. For such a task, the attempt must be made to
estimate a mean time for performance and to verity it
if possible.

2.9 The performances that are critical to successful took comn-
pletion. Critical performance requirements shall be idn-
ti ed to establish how training, training equipment, technical
order, job performance checklists, and evaluation in the
standardization program must be oriented to ensure devel-
opment and maintenance of task proficiency for successful

.91 human accomplishment.
291 Time limits in the performance of the task. In the performance

of the task, or some elements of the task, are there prescribed
time limits that must be met, even if a high degree of skill Is
required to meet them?7

2.9.2 Precise adjustments. List any precise adjustments that must
be made even if they are difficult to achieve.

2.9.3 Safety precautions. List any safety precautions that must be

'observed to avoid risk of endangering personnel or equipment.
2.9.4 Clear and precise communication. State any requirement for

clear and precise communication, which, If not achieved,
might result in mission failure, unnecessary degradation of
equipment, or-excessive down time.

2.9.5 Conditions giving rise to emergency situations. Otae AVy
condition that could arise requiring a quick and exact rsws
to deal with an emergency situation, which, if not handled
correctly, would cause personnel injury, system degradation,
or catastrophic failure.

2.9.8 Detection of contamination and equipment damage or degrada-
tion. State any possibilities to be avaided for caan~ain
equipment da~mage, or degradation, which would be hard to
detect b~y routiie visual inspection or check-out pstoo~dwars,
and the effecte, of which would becomie evUidnt onlY at a Istpr
date or when * system Is tommittet to aft operational vaunch.

2.9.7 Cnrlicslity~o 00 the pfows of eortain Oteps, to ahe system

btWena WimdivtUs is rw9Lred, noch that If oam *1unts Psrfoxa
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2.9.9 The criterion of successful performance. Given the end points
of the task, and the critical performances, within what limit
must the task elements be performed in order to assure
mission fiulfillment?

3. MOS Definitions. This section shall define all types of Military
Occupational Specialties (MOS) that are directly associated
with the weapon system. The.following criteria shall be used
for defining a position (by Army definition, duty positions with
close occupational or functional relationships are grouped to
comprise on MOS):

3.1 Locality of task performance. The MOS shall be characterized
by performance of work in designated locations on specified
equipment or equipment systems; as a consequence, the tasks
are essentially independent from those performed on equipment
at other locations, or the task relationships with the other
locations are only by communication links and/or procurement
and transportation of equipment and materials from one loca-
tion to another.

3.2 Requirements for specialized knowledge and skills. An
MOB shall be required if specialized knowledge and skill
requirements for operation, control, and maintenancie of sub-
system equipment will be great enough to justify a separate
training course.

3.3 Physical interconnections of items of equipment. An MOS
shall be required if items of equipment or equipment systems
are not physically interconnected and the scope of knowledge
required for any one item or system is great enough to justify
a separate training course.

3.4 Work load. Tasks comprising an MOS shall constitute a fUll-
time work load.

3.5 Task interrelationship and interdepender !e. Tasks to be
accomplished shall be interrelated and interdependent, so that
each MOS can be identified as a Jistinct entity.

3.6 Task aptitude. Individual tasks within the MOB shall ave
similar aptitude demands for acquiring the rquired knowl-
edges end skills.

III Reporting ý.eumenta
Contractors shall snalyse their products and subm da a" 46
recommendations as directed herein.

isa• Worksheets. The anabymis workshet shall ctwa wthe
ia Of f ttaw approv OorfM U41 tttq o s-
mil". These ankly~ssso~ ""11 saa.4 a the Ceatestow'
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identify tasks that require joint analysis because of equipment
interface relationships, they shall mutually agree upon and work
out a joint analysis of the task. The worksheet shall contain
the following information:

1.1 Task numbering system. The task under analysis shall be
numbered systematically for identification purposes.

1.2 Task title. The task shall have a title which will be listed in
a task index along with the appropriate number.

1.3 Analysis dates. The dates on which the various stages of
analysis are performed shall be given.

1.4 Location of task performance. The location or environment
where the task is performed shall be identified.

1.5 Verification level. The status of verifications of the task Infor-
mation shall be given. The following terms shall be employed:

1.5.1 "Estimated," if the information was based solely on an "arm-
chair" estimate of task performance which has been reviewed
and approved by design engineers.

1.5.2 *Tried," if the information has been based on a walk-through
or mockup performance of the task on mockup, simulated, or
prototype equipment.

1.6.3 'Final," when the task has beeii fully observed as performed by
qualified personnel on operational equipment in an operational
environment. Simulation of operational conditions is acceptable
for final verification of the task, provided the conditions are
identical to those which will be found in the operational use of
the equipment.

1.6 Task time. An initial estimate of the amour' of time permis-
sible for completion of a task which is critical to the oper-
ational status of the system shall be given. Following
verification, and with follow-on operational experience, task
time standards shall be established by repetitive task perform-
ance which provides a more precise estimate of the mean time
required for a properly qualified specialist to perform the
task. The two types of entries shall be clearly distinguished
to indicate the meaning of the specific entry.

1.7 Speed The criticalness of the speed required to perform the
task within a given period of time shall be stated.

1.8 Frqnyof pertorgManq ano"at 0~ 130 0""0 b
day, week, 001104, awsr rmssams, fbe
te t0 wil be porfto"u I am o at

by operatim.,ead isIisten 40 b ms*
1.9 r1ne r Whes- " ar Ib)., Ihe -Mn** 4"10-0
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1.10 Onization resoonsible for the task. The organizational
element responsible for the task performance shall be iden-
tified (e.g., launcn crew, mobile checkout, and maintenance
teqms of each section).

1.11 Task description. The nature, conditions, and requirements
for task performance shallibe stated. The description shall
contain as a minimum the following:

1.11.1 A statement of the starting cues for the task being described,
which indicate that the task is to be performed, and any steps
to be taken before the task can be performed (e.g., supervision
notified, power supply turned off, area cleared of personnel).

1.11.2 Decision-making requirements. An explanation of what has to
be done and how to do it, down to the lowest level, with special
emphasis on any decision-making requirements.

1.11.3 An explanation as to the personnel required to do the task and
the location of the task. When two or more people are required
for task performance, the task activity shall be described
sufficiently to indicate the role of each position; the interaction
required and the type of communication and coordination
among personnel shall be specifically described, including any
special equipment required for communication.

1.11.4 Tools and test equipment. A list of tools and test equipment
required for the task performance, and a statement as to
whether these items are standard or special.

1.11.5 A description of any unusual human factors elements (e.g.,
the task is performed in an unusual position, such as a prone
position; the task performance results in extreme fatigue,
strain, or stress; the task requires personnel to be exposed
to extreme weather conditions for long periods of time; task
completion requires the personnel to stand, or be confined in
close places, for long periods of time).

1.11.6 Criticality of task performance. A description of any aspect
of task performance that may be critical to the successful
completion of the task (e.g., sequence of procedural steps
to be strictly followed, performance within a prescribed time
limit, correct interpretation of relative status of indications).

1.11.7 A description of the feedback that indicates when the task has
been accomplished completely and accurately.

1.12 Probable error factor. The probability of human error due
to the natur of ti task itself or the nvironent in wich
the task is performed shall be stated, with the reasons for
such an estimate being described if the probbility for such
error is high.'

1.18 t tn . Any criticalness or..care that is required
in the pero nce of a task when handling or positioning
equipment shall be stated.,

LV:



1.14 Hazards. Any source of hazards that may be encountered by
personnl in the performance of the task shall be described,
whether due to the nature of the task itself or to the environ-
mental conditions where the task is performed.

1.15 Special clothing required. Any special clothing requirements
necessary to Insure personnel safety in the performance of
the task shall be identified (e.g., eyeshield. nonsparking shoes).

1.16 Procedure type. The task shall be classified as to the nature
of procedu~r~eor example:

1.16.1 Fixed procedure: Task elements are performed in a routine
step-by-step sequence that could be listed in a technical
manual, or checklist, for use on the job.

1.16.2 Variable procedures: Task elements (two or more) are not
performed in a fixed sequence but all must be performed to
achieve a final result, such as the alignment of two circuits.
The procedure is complex because the individual must estimate
the correctness of the indications for each particular step,
rather than make a simple identification. Following such an
indication, the individual may be required to decide upon
appropriate action to be taken in the succeeding step.

1.16.3 Motor skill: Accomplishment of the task depends primarily
upon acts requiring physical skills, which have not been pre-
viously learned by the individual but which must be learned
in order to perform the task correctly.

1.16.4 System analysis: A malfunctioning component, assembly or
module is located by means of logical analysis of data flow.

1.16.5 Circuit analysis: A malfunction within a detailed part or a
component of an assembly is isolated by logical analysis of
circuit diagrams or schematics and the use of various pieces
of test equipment.

1.17 Manipulation of controls. Each type of control that must be
manipulated in performing the task, and the type of feedback
that must be monitored, shall be indicated.

1.18 Special problem areas. Any unusual personnel requirement
problems inerentinthe proposed maintenance andoperational
employment of the systems shall be highlighted. The nature
of the problems generated shall be described, and alternative
solutions recommended.

IV. verification
A verifiation program shall be developed and coordinated by
the prime contractors with the assistance of the associate
contractors. This sectlon shall be a report of the status of the
task analysis in relation to the changing phase of equipment
design and development. It specifies procedums which as*#we
that product development and verification ppceed econsamt-
cally and with a hiftt degree of competency.



1. Status of Equipment Deyelo.pment. A statement shall be made
as to the status of equipment development related to each task,
using the following bode:

1.1 Design plan.

1.2 Preliminary design.

1.3 Mockup.

1.4 Prototype equipment.

1.5 Production design.

1.6 Production hardware.

2. Updating Reports on Development. The preceding information
shall be updated in succeeding reports to accurately reflect
the hardware development.

3. Modifications to Task Analysis Worksheet. This section shall
contain the date and a brief narrative statement of the reasons
for the latest modification to the task analysis worksheet for
each task (e.g., change in hardware development status, change
in operational plan, verification test).

4. Completion of Task Analysis Worksheet. This section shall
contain the date on which all data required in the task analysis
worksheet for each task have been obtained and where applicable,
verified against actual hardware.

5. Verification Procedures Information. This section shall

contain the following items:

5.1 Description of the methods and procedure used in accomplish-
ing the verification.

5.2 Identification of the contractors And the Army personnel con-
ducting and participating in the verification procedure.

5.3 An identification of the systems/equipment by which the
information and instructions were verified.
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